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N receut years, such marvelous advances have been 
made in the enginetjring and scientific fields, and 
so rapid has been the evolution of mechanical and 
constructive processes and methods, that a distinct 
need has been created for a series of practical 
working gnUlt^^ of convenient size and low cost, embodying the 
accumulated results of experience and the most approved modern 
practice along a great variety of lines. To fill this acknowledged 
need, is the s|)ecial purpose of the series of handbooks to which 
this volume l)elong8. 

C III the preparation of this series, it has been the aim of the pub- 
lishers to lay special stress on the practical side of each subject, 
as distinguished from mere theoretical or academic discussion. 
Each volume is written by a well-known ex|)ert of acknowledged 
authority in his special line, and is based on a- most careful study 
of practical m^ds and up-to-date methods as develo|)ed under the 
conditions of actual pmctice in the field, the shop, the mill, the 
power house, the drafting room, the engine room, etc. 

CL These volumes are especially adaj)ted for purposes of self- 
instruction and home study. The utmost care has been used to 
bring the treatment of each subject within the range of the com- 



moD understanding, bo that the work will appeal not only to the 
technicaltj trained expert, but alao to the begiiiner and the self- 
taught practical man who wishes to keep abreast of modem 
progress. The langnage is simple and clear; heavy technical terms 
and the formnlee of the higher mathematics have been avoided, 
yet without Bacrificing any of the requirements of practical 
instmction; the arraugement of matter is such as to carry the 
reader along by easy steps to complete mastery of each subject; 
frequent examples for practice are given, to enable the reader to 
test his knowledge and make it a permanent possession; and the 
illustrations are selected with the greatest care to supplement and 
make clear the references in the text. 

C The method adopted in the preparation of these volumes is that 
which the American School of Correspondence has developed and 
employed so successfully for many years. It is not an experiment, 
bnt has stood the severest of all tests — that of practical use — which 
has demonstrated it to be the best method yet devised for the 
education of the busy working man. 

<L For purposes of ready reference and timely information when 
needed, it is believed that this series of handbooks will be found to 
meet every requirement. 
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PART I 



BRIDGE ANALYSIS 

1. Introduction. The following treatment of the subject of 
Bridge Analysis, while not exhaustive, is regarded as suflBciently 
elaborate to develop and instill the principal theoretical considera- 
tions, to illustrate the most convenient and practical methods of 
analyzing the conunon fonns of trusses and girders, and also to lay 
a sufficient foundation for the analysis of such other trusses as are 
not specifically mentioned or treated herein. 

The necessary steps and operations required for a proper analysis 
of the several types of bridges are fully demonstrated by sketches 
and computations, the numerical values being mechanically obtained 
by the use of a slide rule, which is a handy instrument for quickly 
performing the operations of multiplication and division, and for 
squaring and extracting the roots of numbers. The values given 
may differ from the exact value by one unit in the second decimal 
place (seldom more) and are sufficiently accurate for the purpose of 
design. All bridge computers should be proficient in the use of the 
slide rule. 

The problems given in the back of this Instruction Paper, 

exemplifying the practical application of the subject-matter treated 

in the various articles, should be solved by the student as each article 

is mastered. 

HISTORY 

2. Early Bridges. Early bridges were not bridges according 
to the present conception of the term. They were simple pile 
trestle bents placed at frecjuent intervals and connected by wooden 

.bi»ams on which the floor was placed. The Potis sublicius, built over 
the Tiber, at Rome, alx)ut 650 years before Christ was bom, was of 
this trestle type. Also the famous bridge built by Csesar across the 
Rhine in 55 B. C. was of the same kind of construction. As civiliza- 
tion progressed, the arch type was developed; and in 1390 the great 

Copyright, 1908, by American School of Coreapondence . 



BRIDGE ENGINEERING 



bridge at Trezzo over the River Adda was built of one span of 251 
feet, which has never been eclipsed or equaled. 

3. Truss Bridge Development. The first truss bridge is sup- 
posed to have been originated by Palladio, an Italian, who used the 
king^post truss (Fig. 1) about 1570. Its importance was not recog- 
nized, and it became entirely for- 
gotten until it was rediscovered in 
1798 by Theodore Burr, an Ameri- 
can, who used it in his construction. 
About the same time. Burr invented 
the truss that bears his name, 
which was in reality a series of 
king-post trusses (see Fig. 8). This 
was found to be unstable under moving loads, and was therefore 
stiffened by the use of an arch (Fig. 2), or was built somewhat as an 
arch, there being considerable rise at the center of the span (Fig. 3). 
By 1830 the principle of the double cross-bracing in the panel was 
understood; and in quick succession came the patents of Long, 
. Howe, Pratt, and Whipple on forms of trusses which bear their 
respective names. 

It remained for Squire Whipple in 1847 to place th^ science of 
bridge building on a rational and exact mathematical basis such 




Fig. 1. King-Post Truss. 




rig. 2. King-Fust Truss Bridge St ifTened by Arch. 



as is now. used. Previous to this time, and indeed several years 
afterwards — for Whipple's work did not become generally known 
until a much later date — bridges were built, not from previously 
computed strains, but by "judgment." All parts of a bridge were 
made of the same size, and if one started to fail it was replaced by 
a larger one; or small models were made and loaded proportionally, 
broken members being replaced by larger ones. There is no doubt 
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that many of the bridges built at this period were very weak as well 
as very strong. The failures are not remembered; but the sound 
judgment of many of our earlier bridge engineers is recorded in the 
wooden structures they left behind them, some of which have stood 
the demands of traffic for over a century. After 1850, bridges were 
built from computed stresses; wood was discarded; and the develop- 
ment became rapid, until about 1870, when the introduction of sub- 
diagonal systems brought the truss system to practically what it is 
to-day. 

DEFINITIONS AND DESCRIPTIONS 

4. Trusses. A truss is a series of members taking stress in 
the direction of their length, placed together so as to form a triangle 




Fig. 3. Burr lYuss Bridge, Arched. 

or system of triangles, which, when placed upon supports a certain 
distance apart, will, in addition to their own weight, sustain certain 
loads applied at the points where the members intersect. These 
points are called panel points. 

5. Bridge Trusses. A bridge truss is one in which the members 
that carry the superimposed loads are in the same plane. Usually 
this plane is vertical. 

6. Truss Bridges. A truss bridge is a structure consisting of 
two or more — usually two — ^bridge trusses connected by a system 
of beams called the floor system, which transfer to panel points the 
load for which the trusses are designed. 

7. Girders. These are beams consisting of a wide, thin plate, 
called a web plate, with shapes, usually angles and narrow, thin 
plates called flanges, at the top and bottom edges. All are firmly 
riveted together. (See Part IV, '*Steel Construction.") 

8. Girder Bridges. These consist of usually two, sometimes 
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three, girders connected as in the case of tniss bridgt^s by a system 
of beams. 

9. Deck Bridges. In cases where the floor system connects 
the trusses at their tops, the bridge is called a deck bridge, since the 
traffic moves on a deck, as it were (see Fig. 4). 



77777, 




Fig. 4. Deck Bridge. 




Fig. 5. Thn)ugh Hrldge. 

10. Through Bridges. In cases when* the floor system con- 
nects the bottoms of the trusses, the bridge is called a through bridge^ 
as the traffic moves through the space between the trusses (see Fig. 5). 

11. Members of a Truss. Each truss consists of a top and 
bottom chordf end-posts, and web members. The web members are 
further divided into hip verticals, intermediate posts, and diagonals. 
Fig. 6 shows these various classes, A-A l)eing top chord, B-B 




Fig. 6. Showing the MeralxTs of a Truss. 

bottom chord, A-B end-posts, vertical niemlxTs C-f) intermediate 
posts, A-a hip verticals, and A-b and C-fc diagonals. 

12. Pony-Truss Bridges. \Mien the height of the trusses of 
a through bridge is less than the height of the loads that go over 
them, they are called pony trusses, and the bridge a pony-truss bridge. 



BRinr.E ENGINEERING 5 

13. Lateral Bracing. In all dt-ck bridges, and in all thiou^ 
bridges except iwny-truss bridges, the chords which are not con- 
nected by the floor system are connected by a horizontal truss system 
called the lateral bracing. In all bridges the chords which are con- 
nected by the floor system are connected by a horizontal truss system, 
also called the lateral bracing. One of these systems is called the 




top lateral system, as it coniHcts the top chords; and the other is called 
the bottom lateral system, as it connetts the bottom chords (see Fig. 7). 

14. Portals. In through bridges, the end-posts of the pair 
cf trusses are connected by a system of braces in order to preserve 
the rectangular cross-section of the bridge. This is called the portal 
bracing (see Fig. 7). 

15. Sway Bracing and Knee-Braces. These serve the same 
purpose as the portal braces, and are either small struts or systems 
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of cross-bracing placed at the intennediate posts. The fonner are 
called knee-braceSy and the latter sway bracing. 

16. Floor Systeirs. In both highway and railway bridges, 
there are beams running from the intermediate posts or hip ver- 
ticals across to the like members opposite. These are called ^oor- 
beams. In highway bridges, there are smaller beams running parallel 
to the trusses and resting at their ends upon the floor-beams. These 
are called floor-joists, and the plank or other floor rests directly upon 
them. In railway bridges, two beams or girders per track run parallel 
to the trusses and are connected at their ends to the floor-beams. 
These are called track stringers (or simply stringers). The ties rest 
directly upon them. The various members of the- floor system of 
a railway bridge are sho\\'n in Fig. 7. The diagonals connecting the 
top chords, and those connecting the bottom chords, are the top and 
bottom laterals respectively. 

CLASSES OF TRUSSES 

17. Names. Trusses may be classified according to their 
names, the character of their chords, and the system of webbing. 
Table I gives the classification of the more important of these accord- 
ing to name. 

TABLE I 
Chronological List of Trusses 



Name 


OuiOlN 


Invkntor 


COT'NTKY 


iLLXrSTn^TKD IN 


King-Post 


IT) 70 


Palladio 


Italy 


Fig. 1 


King- Post 


1798 


Theodore Burr 


America 


Fig. I 


Burr 


1708 


Theodore Burr 


America 


Fig. 8 


Warren 


1 S3S 




England 


Fig. 9 


Howe 


1840 


William Howe 


America 


Fig. 10 


Pratt 


1841 


Thos iV Caleb Pratt 


America 


Fig. 11 


Whipple 


1S47 


Squire Whipple 


America 


Fiji. 12 


Bowstring 


1847 


Srjuire Whipple 


America 


Fig. 13 


Baltimore 


1877 


Penn. U. R. 


America 


Fig. 14 



Cf the types cf tnisscs listed in Table I, the Warren, Howe, 
Pratt, Bowstring, and Baltimore* are now built; and cf these construc- 
tions probably 90 per cent are Pratt trusses. The Baltimore truss 
is used for long spans only. 

18. Chord Characteristics. In most types of bridges the 
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for this is not always available, it is customary to use formulae to 
derive an approximate weight of sufBcient accuracy for purposes of 
computation. Table II gives some of the most reliable formulae. 

TABLE II 
Fonnuls for Weights of Bridges 



Clam or Bridob 



Weioht or Stkel per Linear Foot op Span 



Author* 



Heavy Inter urban 
Riveted w 

First-Class High- 
way Riveted 

First-Class High- 
way Pin 

Liffht Country 
Highway 

Railroad Truss 
E60 

Railroad Truss 
£40 

Railroad Truss 
E 30 

Railroad Deck 
Girder E 60 

Railroad Deck 
Girder £ 40 

Railroad Deck 
Girder E 30 



= 600 + 1.8^ + 276+ -L6jA+ .^-L_A;e. S. Shaw 

1 + j-^QQ-^) !e. S.Shaw 
w - 34 + 226 + 0.1661 + 0.71 J. A.L.Waddell 

260 + 2.5/ Author 



w ) 

to - (660 + 70 
to ^ i (650 + 70 
w - } (650 + 70 
w » 124.0 + 12.0{ 
to -> 123.5 + 10.02 
w - 111.0 + S.Sl 



F.E.Turneaure 

I 

I F.E.Turneaure 
jF E.Turneaure 
Author 
Author 
Author 



In the above formulse, w «= Weight of steel per linear foot of span; 
I ■■ Length of span in feet; 6 » Breadth of roadway, including sidewalks. 

In using the formulse of Table II, remember that a span has two trusses. 
The weights for highway bridges do not include the weight of the wooden 
floor, which may be assumed as 10 pounds per square, foot of floor surface 
All highway bridges have steel joists. The weights of railroad spans do not 
include the weight of the ties and rails, which may be * assumed at 400 
pounds per track per linear foot of span. If solid steel floors are to be usedi 
700 pounds per linear foot of span are to be added to the weights computed 
from the table. 

All the weights given for railroad spans are for single track. Double- 
track truss-spans are about 95 per cent heavier; and double-track girder-spans 
are 100 per cent heavier. Through girder spans are about 25 per cent heavier 
than deck girder spans; and through spans are about 15 to 40 per cent heavier 
than deck spans. 

The spans on which Table II is based are of medium steel. Bridges 
built of soft steel or wrought iron will weigh 10 to 15 per cent more. 



• Tbe author is Indebted to the distinguished engineers whose names appear in 
Table 11, for permission in this connection to make use of the formule given opposite 
their names. 
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In order to give an idea of the relative weights of steel in different 
classes of bridges, let it be rt^quired to compute the dead weight of a 
100-foot span of each class. For heaviest highway bridges to carry 
heavy interurban cars: 



W-600-I-180+ 27 X 16 + 



16 X 2P0/ 
"12 V 



1 + 



100 

i 000 



\ = I 35S lbs. |ier linear ft. 




Fig. 13. Howstring Truss. 



For heavy riveted highway bri<lges to carry heavy farm engines: 

II = 300 + 100 + 22 X 16 -f- ^^ ^^^^^ ( 1 + ~-^ll^ \ ■= 870 lbs. per linear foot. 




Fig. U, Two roriiis(»f Haltimon-Trussi's. 

For heavy pin-connected highway l)ricl«;es to carry heavy fann or 
traction engines: 

w - 34 +22 X 10 t- O.lfi X 10 < 100 + 0.7 > 100 - 710 n>.s. porlinear ft. 

For light country highway bridges to carry 100 pounds per square 
foot of floor surface: 

w - 2r)0 4 2.0 X 100 - 500 lbs. per liiioar foot. 

If the total weight is required, the weight of tlie wooden floor 
must be added. Take, for example, the last bridge: 
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Weight of steel = 500 X 100 = 50 000 pounds. 

" floor «= 100 X 16 X 10 = 16 000 pounds. 
Total dead load 



(I 



= 66 000 pounds. 

The weight per linear foot for a railroad truss bridge of 100-foot 
span is: 

u? - 650 + 7 X 100 = 1 350 lbs. per linear foot. 

This is about the same as that for a heavy interurban bridge 
The reason for this b that in addition to the heavy rolling stock 
of the electric road, the heavy highway trafBc must be provided for. 
A deck girder of 100-foot span weighs: 

w « 124 + 12 X 100 = 1 324 lbs. per linear foot. 

21. ^ Actual Weights of Railroad Spans. In case actual weights 
can be obtained, a more exact analysis can be made. The weights 
of bridges indicated in the accompanying tables and diagrams, are 
based on actual constructions recently erected. These bridges rep- 
resent the very best modem practice of engineers and manufacturers 

The weights of through truss-spans made of medium steel 
and designed for E 50 loading, are given in Fig. 15. The weights 
include the weight of the ordinary open steel floor, and they also 
include the weight of the ties and rails, which is taken at 400 pounds 
per linear foot per -track. 

The weight of steel in medium steel deck plate-girder spans 
designed for E 50 loading, is given in Table III. 

TABLE III 

Weights of Deck Plate-Qirders, Medium 5teel 

Loading E 50 





Sp\n 


WrioHT 


Span 


Weioht 




(in feet) 


(in pounds) 


(in feet) 


(in pounds) 




15 


5 300 


70 


59 500 




20 


7 800 


75 


67 300 




25 


11800 


80 


76 300 




30 


14 500 


85 


94 200 




35 


18 800 


90 


105 500 




40 


23 300 


95 


114 200 




45 


27 400 


100 


123 COO 




50 


32 400 


105 


146 000 




55 


38 800 


110 


161 700 




60 


45 500 


115 


174 900 




65 


51 500 


120 


187 000 



The spans are the distance center to center of bearings; and the weights 
do not include the weight of the ties and rails, which is to be taken at 400 
pounds per linear foot per track. Intermediate spans may be interpolated. 
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22. Actual Weights of Highway Spans. The actual weights 
of highway spans for heavy interurban trolley-cars and tTafGc,should 
preferably be computed from the formulae of Shaw or Waddell (Table 
II). The weights of country bridges, including floor, may be taken 
from the diagram of Fig, 16. 

LOADS 

23. Classes of Loads. Thost; weights just given constitute 
what is called the dead load of the bridge. The traffic which passes 
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Fig. lA. Wt^lfchts of rniiuiry nrldges. In 



over the bridge is called the livv or nioring load. In addition to the 
two classes mentioned, is the effect "f the wind, which is designated 
as the wind load. These loads varj' with the class of bridge, be it 
highway or railway, and with the purpose for which it is intended. 

24. Live Loads for Highway Bridges. Highway bridges are 
usually divided into several classes according to the traffic, which 
may be that of heavy interurban cars, light trolley-cars, farm en^es, 
road rollers, teams, human beings, or some combination of these 
loadings. The standard specifications of J. A. L. Waddell or of 
Tlieodore Cooper are obtainable for a very smnll sum. Their pur- 
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chase is advised, and the reader is referred to them for further infor- 
mation. 

The trusses of country highway bridges are usually designed for 
a live load of 100 pounds per square foot of roadway. This may be 
considered good practice; and it is the law in some States. The 
floor system of these same bridges should be of sufBcient strength to 
sustain 100 pounds per square foot of roadway, or a 12-ton farm 
engine having 4 tons on the two rear wheels, which are 12 inches wide 
and 6 feet apart, and 2 tons on each of the front wheels, which are 6 
inches wide and 5 feet apart. The axles of this engine are spaced 
8 feet center to center. 

25. Live Loads for Railway Bridges. The loads for any par- 
ticular railroad bridge are not always the same, on account of the 
great variation in the weights and wheel spacings of engines and 
cars. It is customary to design the bridge for the heaviest in use 
at the time of construction, or for the heaviest that could reasonably 
be expected to be built thereafter. 

As the computations with engines were formerly somewhat 
laborious on account of the different weights and spacing of wheels, 
it has been proposed by some engineers to use a uniform load, called 
the equivalent load, which would give stresses the same, or very nearly 
the same, as those obtained by the use of engine loads. However, 
as these loads are different for each weight of engine, and also different 
for the chord members, the web members, and the floor-beam reaction 
of each different length of span, and as the labor of the computations, 
using engine-wheel loads, has been greatly reduced by means of 
diagrams, it does not seem as if this method would ever come into 
very general favor except for long-span bridges, where the live load is 
much smaller than the dead load. 

The equivalent loads for Cooper's E 40 (see Fig. 85) are given 
in Table IV. 

Most railways specify that their bridges shall be computed by 
using two engines and tenders followed by a train. The spacing 
of the wheels, and the load which comes on each wheel of the engines 
and tenders, are fixed by the railway company. The train is repre- 
sented by a uniform load. Formerly there w^as a great diversity of 
practice among the different roads in regard to tlie engine and train 
loads specified ; but practice has of late years l)ecome quite uniform. 
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with an apparent tendency to standanlizi' in ncconlanco with the 
classes of loading specified by Cooper. Cfwpcr'-s ("Inss E 50, which 
represents the heaviest engines now in common use, was invented 
by Theodore Cooper, a consulting engineer of New \'ork City. It b 
given in Fig. 17. 

Lighter loadings for light traffic on tlie same general plan are 
advocated by Mr. Cooper, and are given at length in his "General 
Specifications for Iron and Steel Railway Bridges Jind Viflducts" 
(1906 edition). 

26. Wind Loads. Some designers require that the stresses due 
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to wind shall be computed by using 30 pounds 
per square foot of actual truss surface. This 
requires that you know the size of the mem- 
bers of the bridge before* it is designed — ^which 
is evidently an impossibility; or that an as- 
sumptioir as to their size be made — which 
allows a chance for a mistake in judgment, 
especially in an inexperienced person. A more 
logical method, and one used to a great extent, 
is to assume a force of so many pounds per 
linear foot to act on the top and bottom chords 
and on the traffic as it moves across the bridge. 

In highway through bridges, it is the usual 
practice to take the wind load as 150 pounds 
per linear foot of top and bottom chords, and 
150 pounds per linear foot of the amount of 
live load which is on the bridge. 

For railroad bridges, it is customary to use 
considerably higher values than those used in 
highway practice — not that the wind blows 
harder on railroad than on highway bridges, 
but so that the bracing designed by the use of 
these values may lx» sufficiently strong to stifi'en 
the bridge not only against the wind, but also 
against the vibrations caused by the rapidly 
moving traffic. Good practice for through 
bridges is to use 150 pounds per linear foot 
of the top chord, 150 pounds per linear foot 
of the bottom chord, and 450 pounds per linear 
foot of live load on the bridge. This latter 
force is supposed to act at a line 8.5 feet above 
the base of the rail. 

For deck bridges, for both highway and 
railway use, the unit-loads on the moving or live 
^load remain the same, but the unit-loads on 
the top and bottom chords are reversed. 

In computations involving the live load, it 
is always assumed that the live load moves over 
the bridge from right to left. 
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THEORY 

27. Principles of Analysis. The stresses in bridge trusses may 
be determined by both algebraic and graphic methods. In some 
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l''lg. 18. Truss under Loads. Illustrating Principles of Analysis. 

cases, one is moixi oxjxHlitious than the other. Algebraic methods 
alone will hv consi<len*d in this text. 

Ulie analysis of stresses is based upon the fact that the interior 
stresses in a member or group of members hold in e(juilibrium the 
exterior forces. That this is a fact, can easily be understood. Con- 
sider a man pulling on a rojx* which is fastened at one end to an im- 
movable object. There will be a 
stress in the rope equal to, and 
opposite in direction to, the pull 
exerted by the man. In order to 
prove this, cut the rope and ap- 
ply a force ec|ual and opposite to 
the pull exerted by the man, where 
the cut is made; and the rope 
and man will l)e in equilibrium. 
Also, suppose that a truss under 
loads, as indicated by the arrows, 
Fig. 18, were cut along the section 
a-a, and that forces F^ F,, F^ 
equal to the stressc»s Sj, S,, and Sj were placed at the ends of the 
members as indicated in Fig. 19, then that portion of the truss to 
the left of the section would Ix? in ecjuilibrium. The interior stresses, 
represented by F.,, F,, and F^, would hold in equilibrium the exterior 
forces p ami /?. 




Pig. 19. Forces Substituted for Stresses in 
Truas of Fig. 18. 



BRIDGE ENGINEERING 



17 



From inspection of Fig. 11), it will appear evident that, as the 
position of the truss to the left of the section b in equilibrium, the 
following statements are true: 

1. The algebraic sum of the nioinents of tlio exterior forces and the 
stresses in the members cut by the section, is equal to zero. This is true of the 
moments taken about any or all points; for, if it were not, the]>ortion of the 
truss would begin to rotate about some point, and would continue until 
e([uilibrium was established. 

2. In a vertical plane, the algebraic sum of the components of the 
exterior forces and the stresses in the members cut by the; section is equal 
to zero; for, if such were not the case, the portion of the truss shown would 
move up or down with a constant acceleration. 

3. The algebraic sum of the components of the exterior forces and the 
stresses in the members cut by the section in a horizontid plane, is equal to 
zero; for, if such were not the case, the portion of the truss would move either 
to the right or to the left, with a constant acceleration. 

4. From 2 and 3, above, it is evident that the algebraic sum of the 
components of the exterior forces and the stresses in the membtTs cut by 
the section is equal to zero in any and all planes. 

The section is not necessarily reciuired to be a vertical line as in 
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Fig. 20. 

Oblique Section Cutting? 

Truss. 



Kig. tJO</. 

Circular Section 

Cutting Truss. 



Fig. 21. 
niustrating Kesolutiou 
of Forces. 



Fig. 19. It may be oblicjue, as in Fig. 20; or it may be a circular 
section, as shown in Fig. 20a. When the latter is the cast*, it is said 
that the sum of the c()m}K)nents of the forces around the point l\ 
is in equilibrium in any plane that may be taken. 

It is also evident that the forces in the memljers cut by the 
section, and the exterior forces to the right, are in equilibrium. 
This condition is very seldom utilized in the determination of stresses, 
as that portion of the truss to the left of the section is almost always 
considen?d. 

28. Resolution of Forces. This method is one of the simplest 
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and at the same time least lalx)rious. The forces are generally 
resolved into their horizontal and vertical a)mponents, or parallel 
and perpendicular to some member. In cases where two miknown 
stresses occur, two eciuations can usually he formed, and these solved. 
It should be assumed that the unknown stress acts away from 
the section which cuts it. It will then solve out, \^ith the proper 
sign indicating the character of the stress — that is, whether it is 
tensile or compressive. Tensile stresses are indicated by placing 




Fig. 22 




^S, 





DiuBrams Illustrating Api)licaiion i»f M«MlnHl<tf Ki'solminn of F<irffs in Analysis of 

Trussi's. 

the phis ( f ) sign lK»fon» them, while* a minus (- ) si;^ii iiulieates 
crompn^ssion. 

A few ecjuatioiis showing the ap}»lication of the melliod of the 
resolution of forays can Iw written after iiisjH'etioii of Figs. 21 to 2.") 
inclusive. In all cases, S^ is the unknown stress, and is assumcMJ 
to \ye acting away from the section. The other stn'sses S^, S^, ete., 
are knowTi, and their direction given them aeeoniingly, it being 
toward the section if the meml>er is in compression, and away fn)m 
the st^ction if the member is in tension. Forces or components 
acting upward or to the right are coiisideriHl plus; those acting down- 
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wanl or to the left are consiclert*<l minus. For a fuller explanation, 
set* the instmction pjijKT on Statics, Articles 17 to 23 inclusive. 

In Fi^ 21, the sum of the vertical com {)onen ts is taken, and the 
efjuationis: 

f- /? — /)-/> — .S\ cos tj) —■ 0; 

whenct*. 

*Sx - — i -^ R — p — p) sec <l>. 

In Fig. 22, the section is obli(jue, and the sum of the vertical 

components is taken: 

\ R p - p I .s\ - 0: 
whencr. 

»s\ - - {-\-n - p - p). 

In lx)th of the al)ove casivs, it will In* nottnl that the chonl 
strt»sses do not enter into the e<juation, as their vertical amijwnents 
are zen). 

In Fig. 23, jthe sum of the horizontal forces is ust^d in deter- 
mining the str(\ss iS\. Note that the exterior fortvs R and p do not 
enter the ecjuation, as they an* not to the left of the st^ction, and also 
their horizontal com|K)nents art* zt*ro. 

->-.S, sin <l> I N_. sin c,^ -f .S, sin tj, -\- S^ = 0; 

whence, 

^'x - (^'i + S, + 6*3) sin c^ 

In Fig. 24, the sum of the vertical forcc\s is again usetl. Here 
the scx'tion cuts the memU'r with the known tensile stress S^. 

■\-Ii — p ^ p - p ■ p p + .Sj cos <j> — N, cos ^ = 0: 

whence, 

,s\ - f- {R - op) sec # + Si- 

In Fig. 25, use is made of the fact that the sum of the components 
of the f()n'<\s alxnit a point is zero when they an* n\solved in any plane. 
Hen' they will Ik* n\solved |)(T|)c»ndicular to the diagonal. 

— N, sin </> ' .S\ 0. 

Nv \ »s\ sin <ji. 

These an* some of the most common cases which cK'cur In the 
detennination of stn*ss<*s in simple tnisses. In all cas<\s, foHow this 
method of pnH-edun*: 

1. Pass a «»cti()n cnttinjr as fow nicmhcrs as possible, one of which 
must be the one whose stress is desirnl 

2. The stress in all the nieinbiTs cut, with ))Ut one exception, must be 
known. 

W. Write your e<|uati(>n, always placing it ('(jual to zero. 
4. Solve for your stress. 
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29. Method of jMoments, The stresses in all members of a 
truss can be determined by this method. By section 1 of Art. 28, 
the point about which the moments art* consideixnl can be taken 
anywhere. Fip. 20 represents the point as taken somewliere outside 
of the truss at a distance a above the point l\. The equation will 

then be: 

- -Nj y n .- ;.'. X /' - »S "/ -^ A) - Kp r I\ < - P, X p -- 0. 

This involves three unknown quantities, and therefore two other 

points should l)e taken, and two 
more etjuations written. By the 
use of the three ec|uations, the 
stresses can Ix* determined. 

It is customarv to assume the 
center of moments at such a place 
thrtt the moments of all the un- 
k'.iow-n stresses, with one excep- 
tion, are zero. This condition 
Inquires that their lines of action 
pass through the ci^nter of mo- 
ments. Let it be n^quirt^d to 
determine the stress <S.,. If the 
trnter of moments is taken at 
r.M then, as the lines of action 
of N, an<l N, pass through this 
point, their moments will Ik? zero, 
and the followin«^ is true: 
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Likewise, if the toj) chord is curved, the ciMiter of moments can be 
taken in such a positi»)n that only the unknowii stress will enter into 
the e({Uation. If it is desired to detennine the stress N.., Fi<:r. 27, 
the ecjualion would be: 

the center of moment being at O, the intcrsecti^jn of the hues of stress 
of S, and N.,. Solving the e(juation just stated, 

1 N 



,s. 
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30. Stresses in Web Members. By reference to Articles 28 and 
29, it is seen that several methods are presented for the solution of 
stresses in web members. * Each should be adapted to the case in 
hand. The simplest method, and the one which is conmionly used 
in all trusses with parallel chords, is by tlie resolution of the vertical 
forces. Fig. 21 is to be referred to. The equation given on page 
19 is: 

+ R — p — p — Sx cos ^ = 0. 




Fig. 17. Diagraxn niustrating Application of Method of Moments In Analysis of Trusses. 

Top chord curved. 

But A — p — p is equal to V, the vertical shear at the section, and 
so the equation may now be written : 

V - Sxcoa^ =0 (1) 

whence the following important rule is deduced: 

The algebraic sum of the vertical shear at the section and the ver- 
iical components of the stress in all of the members cut by the section, is 
equal to zero. 

In trusses with horizontal chords and a simple system of webbing, 
the equation may be put in the form : 

jSx = 4- F sec <l>; 

and the statement that the stress in any web member is equal to the 
shear times the secant of the angle that it makes with the vertical is 
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true. The practice of using this latter statement is not to be en- 
couraged, as it leads to confusion in the signs of the stresses. Equa- 
tion (1 ) should be written in all cases, and the stress will then solve with 
its correct characteristic sign, indicating that the stress is either 
tensile or compressive. 

As an example, let it be required to determine the stresses in the 
web members 5, and 8, of the Pratt truss shown in Fig. 28, the loads 
being in thousands of pounds. First, a section should be passed, 
cutting that member and as few others as possible. Next, the shear 
at that section should be computed. Then the vertical components 
ofall the stresses cut by the section, and the vertical shear, should be 




ih 



Got £5'- 150' 



Fig. 98. Calculation of Stresses in Web Members of Pratt Trass. 

equated to zero. Finally, solve the equation. Remember that the 
unknown stress is to be assumed as acting away from the section, 
and that forces or resultants acting downward are considered negative, 
while those acting upward are considered positive. 
To determine S,: 

The vertical shear at the section a — a is : 

+ 37.5 - 2 X 10 - o - +12.5. 

As the diord stresses do not exert a vertical com{X)nent, the equation b: 

+ 12.5 + 1S3 = 

jSj = — 12.5, which is a compressive stress of 12,500 pounds. 

Note that in this case the angle which the member makes with the 
vertical is zero, and the cosine and secant are unity. 
To determine S,: 

The vertical shear at the section 6— fc is 

+ 37.5 -2X10-2X5- +7.5. 

The equation is: 

+ 7.5 - 5, cos ^ = 

^3 = + 7.5 sec ^. 
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Sec ^ is e(|ual to l I^O" + ^5' ^ 30, which is ecjual to 1 .302 ; and 
therefore, 

S^ = 4-7.5 X 1.302 

= 4-9.765, which is a tensile stress of 9,765 pounds. 

31. Stresses in Chord Members. The stresses in chord may be 
obtained by either the method of moments or the method of resolu- 
tion of forces, this latter being usually the resolution of horizontal 
forces. 

In accordance with the text of Article 29, the following rule may 
be stated with regard to the solution of stresses in chord members 
by the method of moments: 

Pass a plane section cutting the member whose stress is to be computed, 
and as few others as possible; then take the center of moments at such a point 




:._.._L._ 



Fig. 20. Calculation of Stresses Id Chord Members by "Tangent" or "Chord-Increment** 

Method. 

that the lines of action of as many forces as possible, the unknovm one excepted, 
pass through that point; write an equation of the moments about this point of 
the known loads and forces to the left of the section, assuming the unknown force 
to act away from the section, and taking the known forces to act as given, the 
tensile stresses to act away from the section, and the compressive stresses to act 
towards the section; place the equation equal to zero, and solve. 

The stress will solve out with its correct characteristic sign. 

In the majority of cases a section can be made to cut three mem- 
bers only, one of the three being the one whose unknown stress is 
desired. In such cases, take the center of moments at the inter- 
section of the other two, and proa^ed as before. As examples of this 
latter case, note the centers of moments at U^, Fig. 26, andO, Fig. 
27, and also the equations resulting therefrom. 

When the method of resolution of forces is used, it is usually 
designated as the tangent method or the chord increment method. The 
simplest application of this method is to trusses with horizontal 
chords and vertical posts in the web members. Then the stress in 
any chord member is equal to the product of the sum of the shears 
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in the panels up to that section, and the tangent of the angle which 
the diagonals make with the vertical. 

This can readily be proved by reference to Fig. 29. I^t it be re- 
quired to determine the stress in the chord member <S,. Pass the 
section a— a. The stresses 5^, S^j ^V and S^ are now computed, 
and are S^= — ]'\ sec <^; 8^= + V^ sec <t>] S^ = + 1\ sec <^; and *S^ = 
+ F^sec <l>. Now nothig the directions of the known stresses and 




Li Le L3 U4. 1-5 1-6 

Fig. 80. Illustrating Method of Notation of Stresses and Members In a Through Bridge. 




L| Lg L3 L^ L5 

Fig. 31. Illustrating Methotl of Notation of Stresses and Mcmh«»rs In a Ih'i'k Hri«lge. 

assuming S, to act away from the section, the ccjuation of the hori- 
zontal component is: 

+ »S', sill + »^. sin f/> + #S[. Hill </> \- »s\ sin <l> + Sj, ^ 0. 

Now, substituting the values of »S\. N,, etc., and n?membering that 

sec <^ = — , the equation becomes: 
c*os <p 

sin ^ ^ .jn ^ ,^ ^ siu ^ ^ , sin -^ ,.^ ^ 

COS (Ji COS COS <^S C<^S <ii 

from which. 

From inspection of Fig. 20, it will be noticed that the stress in 
any section of the chord is c^ual to that in tlie section to the left of 



BRIDGE ENGINEERING 



25 



it, plus the increment (horizx^ntal component) of the diagonal; hence 
the name chord increment method. 

32. Notation. The practice hitherto used in designating 
stresses by »Sp S^, etc., will now lye discontinued, as it is inconvenient 
in the extreme; moreover, it is not the method used in practical work. 
The notation to Ix* used is that given in Figs. 30 and 31, the former 
being for a through and the latter for a deck tniss. 

The practical advantages of this system are very great. When 
[7j [^2 ^^ noted, it is at once known to be the top chord of 
the second panel; U^ L^ is know^n to be the second vertical; while U^ 
Xj is at once recognized as the diagonal in the third panel. A stress 
in a meml)er, as well as the meml)er itself, is designated by the 
subscript letters at its ends, '^iluis U^ L^ may mean the member 




Fijj. 32. Calculation of Stresses iii a Six- Panel Warren Truss Through Bridge. 



itself or the stress in the member. The text will clear this up. In 
analysis, the stn^ss would Ix? implie<l, while in design the member 
itself would be intende<l. 

33. Warren Truss under Dead Loads. The Warren truss has 
its w^eb members so built of angles and plates or of channels, that 
they can take either tension or compression. The top chord is of' 
structural shapes, while the low^er chord may be of built-up shapes 
or simply of bars. 

I^t it be required to cU^tennine all of the stresses in the six- 
panel truss of a thn)ugli Warren highway 120-foot span for country 
traffic. The height is to Ix* 20 feet. Tlie outHne is given in Fig. 32. 
Acconling to Fig. 10, the total weight of the span, including wooden 
floor, is 70 (KX) jKnmds. Each truss carries one-half of this, or 70 (KK) 
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-^ 2 = 38 000 pounds. As there are six panels, each panel load is 
38 000 -r- 6 = 6 333 pounds. This means that we must compute 
the stresses in the above truss by considering that a load of 6 333 
pounds is at points L^, L^, L,, L^, and Ly Of course there is some 
weight at L^ and L^\ but this does not stress the bridge, as it is 
directed over the abutments or supports. The reactions at L^ and 
Lfl are each equal to (5 X 333) -r- 2 = 15 833 pounds. 
The shears are next computed, and are: 

V^ = +15S33 - - +15 8;« 

V^ = +15 83:{ - 333 = + \) 500 

Vl - +15 833 - 2 X 333 ^ 3 107 

It is unnecessary to go |)iist the center of the bridge, as it is symmetri- 
cal. The Fj rt»presents the shear on any sc»ction Ix^tween L^ and L^\ 
l\ represents the shear on any section lx»tween L^ and L.,; and l\ 
represents the shear on any section l)etween L^ and L^ The secant 
of the angle <^ is : 



(-^'(L>0'+ 10)') - 20-= 1.12. 



The stresses in the web memlx^rs are computed as follows: 
For I/y U^, Pass sc»ction a— a. Assume stn\ss acting away from 
the s(»ction, as shown. Then, 

r, + LJ\ cos <,'> - 0; 

Ay(/, -- - I', sec <!}] 

J,JJ^ _. - 15 833 X 1.12 - - 17 7(K) poumls, 

which shows that />,, l\ has a compressive stn^ss of 17 700 jK)unds. 
For'U^ Lj. Pass st»ction b—h. Assume strtvss acting away frcmi 
the section, as shown. Then, 

\\ - UJj, cos 9 = 0; 

UJj^ ■■= + I'l sec <^: 

r^L, - +15 833 X 1.12 : 17 700 pounds, 

which shows that UJj^ has a tensile strc^ss of 17 700 pounds. 
For L^U^' Pass section c — c. Then, 

\\ + L^U.^cos <l> =-- 0; 

L^U^ - - 500 X 1.12 -- - 10 040 pounds. 

For UJj2' ^'*^^^ st^ction d — d. Then, 

+ 9 500 -- VJj.vu^ V 0: 

V.^L. ■-- +9 500 X 1.12 -rHXiJO. 
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For L^Uy Pass section e — c. Then, 

+ 3 167 + L^U^ cos <l> = 0; 

/>2^3 = -3 16^ X 1.12 = -3 540. 

For UJLy Pass section / — / . Then, 

+ 3 167 - L\L^Qos ^ = 0; 

(73L3 = +3 167 X 1.12 = +3 540. 

The computation of the stresses in the chonls is made by the 
method of moments, and is as follows: 

For LJjy Section 6—6 cuts UJj^ and U^U^y besides the mem- 
ber whose stress is desired, and therefore the center of moments will 
be taken at their hitersection U^, The equation is : 

+ 15 833 X 10 - L^L, X 20 = 0, 

whence 

L^L, = ( + 15 833 X 10) -4- 20; 

= H-7 917 = a tension of 7 917 pounds. 

For LJjy Either section c — cor d — d may l)e used, and each 

shows the c*enter of moments to be at U^ The equation is: 

4- 15 833 X 30 - 6 333 X 10 - L,L, X 20 = 0; 
L^L,, = ( + 15 833 X 30 - 6 333* X 10) -^ 20; 

- +20 583 = a tensile stress of 20 583 pounds. 

For L^Ly Either section c — e or f — f may l>e useil, and each 
shows the center of moments to he at Uy The equation is: 

+ 15 833 X 50 - 6 333 X 30 - 6 333 X 10 - LX^ X 20 = 0; 

whenc*e, 

L.L, - +26 917. 

The center of moments for UJJ^ is at L^; for UJJ^, it is at i,; and 
for UJI^, it is at Ly The following equations can now be written : 

+ 20 X UJI., + 20 X 15 833 = 0; whence U^U^ = -15 833; 
+ 20 X U^U:, + 40 X 15 833 - 20 X 6 3:« = 0; whence ('X', - -25 333; 
+ 20 X U^l\ + 60 X 15 833 - 40 X 6 333 - 20 X 6 333 = 0; whence l\l\ 
« -28 500. 

A diagram of half of the truss should now be made, and all the 
stresses placed upon it. The dimensions should also be put upon this 
diagram. The student should cultivate this habit, as it shows him 
at a glance the general relation of stresses and the general rules of their 
variations. Fig. 33 gives the half-truss, together with the stresses 
and dimensions. The stresses in the members of the right half of 
the truss are the same as those in the corresponding members of the 
left half. 
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From inspection of the above diagram, it is seen that the chord 
stresses increase from the end toward the center; that the web stresses 
decrease from the end toward the center; and that all meml)ers slant- 
ing the same way as the end-post LJU^ have stresses of that sign, 




Fig. 88. Dimensions and Stress Diagram of Half a Six-Panel Warren Through Truss. 

while all that slant a different way have an opposite sign. These 
relations are true of all trusses with parallel chords and simple systems 
of webbings. 

34. Position of Live Load for Maximum Positive and Negative 
Shears. The dead load, by reason of its nature, is an unchangeable 
load. The stresses due to it are the same at any and at all times. 



(-1- +y ) 



W lbs. per lin. Foot. 



i 



I 



R. 



?e 

Fig. 84. Cak'ulat iwii Maximum Positive aud Negat i re Shears in Simple Beam under Live 

Load. Conventional Method. 

With the live load, the case is different. '^The live load represents 
the movement of traffic upon the bridge. At certain times there may 
be none on the ])ri(lge, while at other times it may fill the bridge 
partially or entirely. In such cases the shears due to live load will vary. 
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Conventional Method. It has been found that the maximum 
positive shear at any section of a simple beam occurs when the beam is 
loaded frotn that section to the right support, and that the maximum 
negative shear occurs at the same section when this beam is loaded from 
the sectixm to the left support, Tliis can be proved as follows: 

liCt a l)eam Ix; as in Fig. 34, and let a — a be the section under 
consideration. The reaction R^ is due to the load wy on the part y, 
and to the load wx on the part x. That is, 

Now the shear at the section a — a is R, — wx\ or, 

yt'-r ^ 2" + ^ / + '^'^2 )■/'■" *^''*^^ ' 

\ rom ins{X*ction of this last ecjuation, it is seen that wx ^ ^ ^ 

is the amount that is added to the nniction by loading the part J'. 

X 

?/ 

2 ' . 
Also, that , - is less than unity, is evident. The amount in 

brackets in the last equation represents the effect of the loading of 

the segment x of the beam. As this is negative and will only reduce 

w ir 
the positive valued term —- , it is therefore proved that to get the 

largest positive shear the In^ani should l)e loaded fn)m the section to 

the right support. 

From further inspection of the equation, it will be seen that the 

term in brackets, which represents the effect of the load on the seg- 

wx^ 
ment x on the shear, is always negative; and that the term— T-,which 

*^ 

represents the effect of the load on the segment y on the shear, is 

always positive. Hence, to get the largest negative shear at the 

section, the load shoukl Ix* on the s(*gment x. That is, the loading 

should be from the section to the left support. 
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In a truss, the loads are placed at the panel points; and the 
above rules in application, should l)e formulated as follows: 

To get the maximum positive shear at a section or in a panel, load all 
juinel points to the right of it. 

To get the maximum negative shear at a section or in a panel, load all 
panel points to the left of it. 

Example. Determine the niaxiiiiuiu positive aiul the maximum 
negative shears in the panels of the 7-paneI Pratt truss shown in Fig. 35, the 




Fig. K). Calculation of Shears in Panels of 7- Panel Pratt Truss. 

live panel load being 40 000 pounds. (It will be noticed that the height of 
the truss is not re<iuired.) 

For maximum + V in Ist panel, load Lj, L., Lj, L^, L^ and L^. 
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+ V " 3d 

+ V •' 4th 
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+ V '* 7th 
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Lji L3* ^4t Lii and L^. 
" L3, L4, La, andLe. 
" L^, Lj, and Lo. 
" L.andLo 



" T 



** no panel points at all. 

The reaction produced by each of the loadings is equal to the 
shear for that particular case, since the shear at any section or in any 
panel is equal to the reaction minuif the loads to the left of the section 
or panel, and, according to the method of loading, there are no loads 
to the left of the section ; therefore the reaction is ecjual to the shear. 

For the first panel, the computation is made as follows, the 
center of moments being, of course, at L^: 

(«, = + Fi) X 7 X 20 = 40 X 20 -f 40 X 2 X 20 + 40 X 3 X 20 4 40 X 
4 X 20 + 40 X 5 X 20 + 40 X C X 20. 

It will Ix* seen that as 20 (K'curs in all terms nf this eciuation, it 
can he factored out by dividing lM)th sides by 20, nnd the n\sult will 
be the siime. The e(|uation can now Ik^ written: 
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+ F, X 7 = 40 + 40 X 2 -f 40 X 3 + 40 X 4 -f 40 X 6 + 40 X 6, 

and can still be simplified by writing: 

40 
+ ^'i = Y (1+2 + 3 + 4 + 5+6)=+ 120.00, 

which is the form customarily used, the panel length being taken as 
a unit of measurement. The other shears- are now easily computed 
in a similar manner: 

•10 

+ v. = — (1 + 2 + 3 + 4+ 5) =+ 85.71 

•10 

+ ^% ^ -■ (1 + 2 + 3 + 4) = +57.14 

40 

^Va = w (1 ^- 2 + 3) -- +34.28 

4 

40 

+ y, = 1 (I + 2) - +17.14 

40 
+ \\='^ U) =- +5.71 

4 

40 

+ r, = i" (0) = +0 

4 

In computing the maximum negative shears, sometimes called 
the minimum shears, the reaction is not the .same as the shear, as 
there are loads to the left of the section, and these must be sub- 
tracted. The loadings an*: 

For niaximuiu — V in Ist panel, loatl no points. 

-V " 2d •* '* L,. 

-V " :kl '' •• Li and L.. 

-r ''Ml '' " L„ L,. andL,. 

-r •* 5th '' •• L„ L„ L„ and L,. 



it t I 



-V " (itli '' '* L„ L,, L,, L„ and L,. 

- V " 7tli " " L„ L,., L3, L^, L,, and L... 



It is evident that the maximum — \\ is etjual to zero, there 
lK»ing no loads on the .span. The maximum negative she*ar in the 
sec^ond panel is ecjual to the reaction produced by loading the panel 
point ip and the load at L^, Thus, 

IRy = 40 X 

- - V . =- R^ — load at L, 

- . i<l) - 40 
4 

-t').71 
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The other shears are next coniputcMl as follows: 

- V, = 1^ (6 + 5) - 2 X 40 = -17.14 

- F, = i^ (6 + 5 + 4) - :i X 40 = -34.28 



-V, 



40 



40 



(6 + 5 + 4 + 3) - 4 X 40 - -57.14 



- V^ = .-r_ (6 + 5 + 4 + 3 + 2) - 5 X 40 - -85.71 « 

40 

-V, =-y-(6 + 5 + 4 + 3 + 2-fl)-6X40^ 120.00 

The maxunum positive and the maximum negative live-load 
shears should now Ixj written side by side, and inspected, in order to 
observe any existing relations which might help to lessen the labor 
of future computations. The values are given in thousands of pounds 
below: 



Location 



Max. + Live-Ijoai> Shear 



K. 



Max. — LivK-LoAD Shear 



+ 120.00 
+ 85.71 
+ 57.14 
+ 34.28 
+ 17.14 
+ 5.71 
+ 0.00 



- 0.00 

- 5.71 
-17.14 
-34.2S 

-57.14 

-85.71 

-120.00 



It IS at once seen that the negative slu^ars ai-e numerically equal in 
value to the positive ones, but that they occur in reverse order. This 
simplifies the labor rt^quin^d in the derivation of the negative shears; 
for, after computing the maximum jx)sitive shears, these may be 
written in reverse order, and the negative sign prefixed; the result 
will be the maximum negative shears. 

The above method for maximum live-load shears is called the 
conventional method. It is the one that is almost universallv used, 
and its use will be continued throughout this t(*xt. 

Exact Method. On account of the fact that the floor stringers 
or joists transfer the loads to the panel jx)in ts, it would be impossible 
to have a full panel live load at one panel j^oint and no load at the 
panel point ahead or behind. In onler to have a full panel load at 
one point, the stringers in the panels on lx)th sides of the point must 
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be full-loaded, and this would give a load at the panel point ahead, 
provided the bridge was fully loaded up to and not beyond the panel 
point ahead, equal in value to one-half of a full panel load (see Fig. 




Fig. 88. Ulustrating "Exat't" Methotl of Calfulatlng I.lve-Loaii Shears In Panels. 

36). The uniform live load, in order to produce full panel loads at 
L,, L, and i^, will also produce one-half a panel load at L^. 

By the methods of differential calculus, it can l)e proved that 
the true maximum positive live-load shear occurs in a panel when the 




m. panels 



Pig. 37. Calculating Maxlranra Positive Live-Load Shear In Panel. 



live load extends from the panel |>oint to the right into that panel 
an amount (see Fig. 37) eijual to 



n 



w — 1 '^ 

in which, 

n = Number of the panel point to the left of the panel under considera- 
tion, counting from the right; 
m =« Total number of panels in the bridge; 
p = Panel length. 

Let the truss of Fig. 35 l)e considered, the live load being 2 000 
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pounds per linear foot of truss, and let it be re<iuired to determine the 

true maximum positive live-load shear in the 5th panel from the rigid 

end. 

4 



7 - 1 



X 20 « 13.333 feet. 



There will now be (4 X 20 + 13.333) X 2 000 = 186 666 pounds on 
the truss; and the left reaction will be { 186 666 X (4 X 20+13.333) 
-^ 2} -5-140 = 62 200 pounds. From this must be subtracted the 
amount of the load on the 13.333 feet, which is transferred to the 
point Ly This is equal to the reaction of a beam of a span equal to 
the panel length, loaded for a distance of 13.333 feet from the right 
support with a uniform load of 2 000 pounds per luiear foot. This 

apttounts to (13.333 X 2 000 X -^-) - 20 = 8 890 pounds. The 
true shear is now: 

+ F, - +62 200 - 8 890 - +53 310 pounds. 

The + F,, as computed by the conventional method, was + 57 140, 
making a difference of 3 730 pounds between the two. If the true 
shears were computed and compared with the conventional shears, 
it would be found that the V^ would be the same, and that the 
remainder of the conventional shears would be greater than the 
corresponding true shears. The difference Ixjtween any two corre- 
sponding shears would increase from the left to the right end; that 
is, the difference between the conventional and exact shears would 
be greatest in the panel L^L^. 

To get the maximum negative shear in any panel,* load from the 
left support and out into the jmnel under consideration an amount 
p — ar, and proceed in a manner similar to that al)Ove described. 

As this method of exact or true shears is seldom employed, 
problems illustrating its application will here be omitted. 

35. Position of Live Load for Maximum Moments. In order 
to obtain the maximuvi moment at any point, the live load must cover 
the entire bridge, Let the beam of Fig. 34 Ix? considered, and let 
it be required to obtain the maximum moment at the section a — a. 
The reaction, as before computed, is: 
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all terms of which are positive. The moment at the section is : 






igx* / X ^ \ wy'x wx* 



and substituting for R^ its value, 

I V 2 "*" V 2 ^ "27"' 

"^^^2/ ^ I 2/^2/ 

But y = I — x; therefore, 

^ ""* V 2/ ^ / 2 ^ ^^T' 

/2/-ar__ 1 \ try^x. 

V 2 / 2 / ■*■ ■ 2 / 



= M'X' 



The first term of this equation represents the eflFect of the load 
on the portion or, and the second term represents the effect of the 
load on the portion y. The value of M will always be positive. The 
quantity x varies between and L VlTien a: = 0, if is equal 
to 0. When x = I, the moment is equal to + wy^x -^ 2. For 
all values of x between and /, the first term is positive; and the 
second term being positive in all cases, it is therefore proved that for 
maximum live-load moments at any point, the entire span should 
be loaded, as loads on both segments add positive values to the 
moment value. 

36. Warren Truss under Live Load. In order to analyze a 
truss intelligently, it is necessary to know its physical structure; 
that is, it must be known what character of stress qin be withstood 
by the different members. The top chords of all trusses are built 
to take only compression, and the bottom chords are built to take 
only tension; while some web members of some trusses are built for 
tension stresses, some for compression stresses, and some for both. 
The characteristic of the Warren truss is that the web members are 
built so as to be able to withstand either tension or compression. 

Let it be required to determine the live-load stresses in the 
Warren truss of Fig. 32. Let the live load per square foot of roadway, 
which is assumed to be 15 feet wide, be 100 pounds. The live panel 
load is then 100 X 15 X 20 h- 2 = 15 000 pounds, and the live-load 
reaction under full load is 2i X 15 000 = 37 500 pounds. 
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As the live load must cover the entire bridge to give maximum 
moments — and therefore maximum chonl stresses, as the chord stress 
is equal to the moment dividcil by the height of the tniss — ^a simple 
method for the determination of live-load chord stresses presents 
itself. The live load and the dead load l)eing applied at the same 
points, and being different in intensity, the stresses produced will 
be proportional to the panel loads. The maximum live-load chon! 
stresses (see Fig. 33) will then Ix^ equal to the dead-load chord stressc^s 
multiplied by 15 000 -i- 6 333 = 2.371, and they are as follows: 

L^L\ 2.371 X 17 700 - -42 000 

I/jt/, - -2.371 X 15 833 = -37 530 
U^U^ = - 2.371 X 25 333 - -60 050 

UJJ^ 2.371 X 28 500 = -G7 600 

LJj, - +2.371 X 7 917 = +18 770 
L,L. = +2.371 X 20 583 - +48 800 
LJ.^ = +2.371 X 20 917 - +03 850 

The next step in order is to determine the maximum positive 
shears, and from these write the maximiuu negative shears. This 
is done as follows : 

+ I.ivo-Load V — Live-Load V 

Vj « t^^- (1 + 2 + 3 + 4+ .5) = +37 500 

-2 500 

-7 500 

-15 000 

- 25 000 

- 37 500 

The stresses prcnluced by the positive shears are called the 
maximum live-load stresscff, and are: 

+ LoC^i cos <^ + 37 500 - .'. L,X\ -- -•^7 500 X 1.12 = -42 000 

- r/jLj cos <^ + 37 500 = .*. U,L^ =- +37 500 X 1 12 -: +42 000 
+ L,C^, cos + 25 000 = .*. LiL\ --- -25 000 X 1.12 = -28 000 

- C7,La cos ^ + 25 000 = .-. U.,L, = +25 000 X 1.12 = +28 000 
+ L,C/j,co8^ + 15 000 = r.L^U:, = -15 000 X 1.12 - -10 800 

- t/jLj cos ^ + 15 000 = 0. .-. rV>3 - + 15 000 X 1.12 - + 16 800 

The stresses produaMl by the negative shears arc called the 
minimum live-load stresses, and are: 



F.-'^^(l + 2 + 3 + 4) 


= +25 000 


o 


= +15 000 


V,_ 15000 (^^2j 


= + 7.500 


., 15 000 
^»"' 


= + 2 500 


T'c" 


^■ 
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+ LoC/'j cos + =• 

- C/jLi cos ^ + =0 
+ L^U2 cos - 2 500 « 

- (7,L, cos ^ - 2 500 « 
+ L2C/3 cos ^ - 7 500 = 

- U^L^ cos ^ - 7 500 = 



.-. U,L, = 

.-. L,C/a = +2 500 X 1.12 « +2 800 

.-. U^L, = -2 500 X 1.12 2 800 

.-. L2C/3 = -f 7 500 X 1.12 = +8 400 
.-. C/3L, = - 7 500 X 1.12 = -8 400 



These stresses, together with the dead-load stresses, should 
now be placed together as a half-diagram, as is done in Fig. 38, the 
stresses teing rounded off to the nearest ten pounds and then ex- 
pressed in thousands of pounds. No minimum live-load stress is 
given for the chords, as this will evidently be zero in all cases, since 
no position of the live load. will cause a reversal of stress. It will be 
seen that the stresses produced by the negative shears are of opposite 



dl - 



tJ,MU 



15 63 
37.53 



U 



— 25 53 

- 60 05 



U. 



— 28 
-67 



50 

60 




dl+ 7.92 
Mll.+ lft77 



+ 20 58 
+ 4.8 80 

■6 at 20' -120- 



+ 26 92 
+ 63.a5 



PMg. 88. Dimension and Stress Diagram of Warren Half-Truss under Live Load. 

sign from the stress produced by the dead load, and these tend to 
decrease the dead-load stress by that amount; and in some cases 
(see L3 U^ and U^ L^, Fig. 38) it will be so large as to overcome the 
dead-load stress and therefore change the total stress from one kind 
to another. Do not forget, in considering any combination of the 
above stresses, that the dead load occurs with either the maximum 
or the minimum live load, but not with both at the same time. 

37. Counters. By reference to U^L^ (Fig. 38), it is seen that 
when the live load is on the panel points L^ and L^ the total stress in 
the member is + 3.54 + (— 8.40) = —4.8(5, a compressive stress of 
4 860 pounds; whereas, under dead load alone, the stress was + 3.54, 
a tensile stress of 3 540 pounds. If the member U^ L^ had been built 
of long, thin bars which could take only tension, and which con- 
sequently would have doubled up under the resultant compression 
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brought ii|M)ii them hv the combined 
action of the dead ami minimum hve- 
load stresses, then this memlHT eouUI 
not be used in this case, but some 
other arrangement would be necessaiy 
in order to hisun: the stability of the 
truss. 

In the Warren truss, no special ar- 
rangement is necessary, as the web 
meml)cr3 are built so as to take eidier 
tension or compression; but with the 
Pratt and Howe trusses some special 
arrangement is neo-ssary, as the diag- 
onals are built to take one kuid of 
stress only. The case of the I'ratt will 
\ic considere<l first. 

The Pratt tniss has the diagonals 
made of long bars which take tension 
only, and the intermediate ]K>sts arc 
constructed so as to l»e able to take 
compression only. It is not iie(H>ssary 
to consider th« intermediate posts, for 
the action of the web meinl>ers is such 
that the resulting stresses sire always 
compressive, 

liCt the 13-panel Pratt truss of 
Fig. 3!) l«c considcretl. The [«uiel 
length is IS ftrt, the height2.'j feet, the 
(lead panel load 22 <XX) pounds, and 
the live panel load i><.>(K) {Kiunds. 
Tlie secant is (1S= + 2.V )' ■> 2,'> = 
1,231. 'ilie dead-load shears and the 
maximum and minimum live-load 
shears are placed directly In-low dieir 
R'siK'ctive panels. Only tho,se mem- 
Ikts are shown full-lined in Fig, 39, 
which act under the dead load. Xote 
that the dead-load shears in the center 
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panel Ixnng zen), the dead-load stress in the diagonals hi the center 
panel would Iw X sec <f> = 0. 

In the first four panels fn)m either end, the live-load shear, 
which is of a different sign from that of the dead-load shear, is 
smaller than the dead-load shear, and thert^fore will not cause a 
reversid of stress in the memlxT in that panel. For example, take 
U^L^; then, for dead-load stress, 

-ry., c(»s ify + oo.o = .-.fV-'s = +00.0 x 1.231 = +81.20 

For live-load stress, 

-UJu cos - 27.0 = .-.fV., - -27.0 X 1.231 = -33.25 

The total stn'ss = + Sl.2() - 33.25 - + 47.05, which is still 
tension. 

Considering />„ l\^, the stress ecjuations are: 
For dead-load stress, 

■\-LJfxo cos - (iO.O - .-. Lg^jo --= +81.20 

For live-load strt\ss, 

+ L,,UioCo» t- 27.0 = -'-Lyl^o ■- -33.25 

The total stn\ss, as l)efore, is + 47.95, or a tension of 47 051) ix)unds. 
An ins|x^ction of the center panel and the two panels on each 
side of it, shows that the live-load shear is of a diffennit sign fn)m 
the dead-load shear, and is also gn»ater in value than the dead-load 
shear. If the memlxTs shown in Fig. 39 wow the only ones in the 
panels, then the dead-load stn»sses would be: 

-l\L,coH </) + 44.0 -= UJj^ - +54.20 

- U,r.„ cos f> + 22.0 - . U,L^ - +27.10 
-I LA\cns </i - 22.0 = L,l\ = +27.10 
^LJ\vn» - 44.0 - L^l\ = +51.20 

and the live-load stre.ssi^s caused by" the shear of opposite sign from 
that of the dead-load shear, are: 

- (\L, cos - 45.0 - l\L^ =■■ -55.40 
-r./..,cos tl> - 07.5 - U:,Lf, --= -S3. 10 
4-/.,r\co.s (f> + G7.5 - LM^ =-- -83.10 
+ /.J/yCos <!, + 45.0 ■-= LsU.j = -55.40 

As no diagonal acts under dead load in the center panel, we may 
assume that f'^g L7 acts under live load. The stresses which occur 
in this are: 

+ l'„L, cos </> + 04.5 -- r„Lj - +110.30 

-('../.; co.s ./> - \)\.o - r,L, - -110.30 
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The above shows that compressive stresses will occur in the 
diagonals which were built for tension only. These stresses are : 



UJj^ = +54.20 - 55.40 - - 1 200 pouiuiH 

C/jL. = +27.10- 83.10= - 56 000 " 

L,C/g = +27.10 - 83.10= -56 000 " 

L«C/, = +54.20 - 55.40= - 1200 " 

UJj, = - 116.30 = -116 300 



tt 



If some provision were not made for these stresses, they would cause 
the members to crumple up and the truss to fail. In order to allow 
for them, diagonals are placed in the panels, as shown by the dotted 
and dashed lines. These members will take up the above stress; 
and moreover, as they slope the opposite way from the main meml)ers, 
they will be in tension. 

In order to prove this, assume LJi\ to act when the live load is on 
points Lj, i^, L„ L,, and L^ Now, U^L^ will not be regarded, as its 
stress will be zero. Then the stresses will be : 
For dead load, 

+ L,l^« cos + 22.0 = L.LT, = -27.10. 

For live load, 

+ l5l/e COS 4> - 67.5 = LfX\ = +83 10; 

and the total stress in L.JU^ will Ix? - 27.10 + 83.10 - + 5(5.00. 

In a similar manner, the stresses hi the other meml)ers are: L^C/g 
= +1.2; L,f77=+ 116.30; JT^Lg =+ 56.00; and L\L^^+\2. 
These diagi>nals an» called counters or caunier-bracimj. 

From a consideration of the foregoing, it is evident that : 

(a) // the live-load shear in any panel is of opposite sign and greater 
than the dead-load shear in the same panel, then a counter is required. 

(b) The stress in a counter is equal to the algebraic sum of the dead-load 
shear and the live-load shear of opposite sign times the secant of the angle it 
makes with the vertical. 

This is true for any truss with horizontal chords and a simple system 
of webbing with diagonals and verticals. 

38. Maximum and Minimum Stresses. Some specifications 
require the member to be designed for the maximum stress, while 
others take into account the range of stress. In this latter case it 
is necessary to determine the minimum as well as the maximum stress. 
Except where a reversal of stress occurs — and this docs not happen 
in trusses with horizontal chords — few specifications require any 
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but the maximum stresses to be com- 
puted. For that reason, little space 
will here l)e devoted to the minimum 
stresses, their computation in succeed- 
ing articles being thought to illustrate 
them sufficiently. 

(a) The maximum stress in a member 
is equal to the sum of the dead-load stress 
and the live-load stress of the same sign. 

(6) The minimum stress is equal to 
the sum of the dead-load stress and the live- 
load stress of the opposite sign^ or to the dead- 
land stress alone, according to which gives 
the smallest value ahjehraically . By this 
latter statement it should be seen that if 
the maximum stress is —58.G0, then or 
f 18.00 would be smaller than -3.00. 

(r) It is evident that the minimum 
in all counters and in all main members 
in panels where counters arc employed will 
be zero, for when the counter is acting the 
main member is not, and therefore its stress 
is zero. The reverse is also true. 

(</) An exception to a is seen in the 
case of the counters. Here it is evident 
that the maximum stress is equal to the 
algebraic sum of the dead-load shear and 
the live-load shear of opposite sign times 
the secant of the angle which the counter 
makes with the vertical. 

WTiile it is true that in trusses with 
horizontal chords the loading for maxi- 
mum shears will give the maximum 
live-load stress to be added to the 
dead load for the maximum stress, it is 
not always true that the loading for 
minimum live-load shears will give the 
stress to add to the dead-load stress to 
get the minimum stress. However, the 
loading for the minimum live-load 
shears will give the live-load stress to 
be added to the dead-load stress for 
the minimum stn\ss. except in the case 
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of verticals placed between panels each of which contains counters, 
and in that case it may or may not do so. In such cases a loading 
must be assumed — preferably the one for minimum shears — and 
the shears in the panels on each side of the vertical must be com- 
puted for the loading a^ssuined. 
If the resultant shear is the same 
sign as the live load, then the 
main diagonal acts; if it is of 
diflFerent sign, then the counter 
acts. 

As an example, let it be re- 
quired to find the minimum stress 
in the vertical U^L^ of the truss 
of Figs. 39 and 40. It is assumed 
that the loading for minimum 
shears will give the result. The 
section a— a is then passed, and 
the live load placed on L. and all 
points to the left. The shears will 
then be as shown in Fig. 41 . To 
obtain the shear in the panel L^L^, 
under Ihi-s loading, it must be nv 
membered that a load is at ig", and so the shear is the shear in the 
panel LJj^ with the panel load at ig added, or, —67.5 + 58.5 = 
— 9.0. The diagonals now act as indicated by Fig. 41, and the total 
stress in U^L^ is determined by passing a circular section around U^, 
and it is : 

- Load at U^ - U^L^^ 0. 

As there is no load at U^, the stress in U^L^ is = 0. The same result 
will occur if points L^ or L^ and to the left are loaded; but if points 
L^ and to the left are loaded, the members U^L^ and U^L^ will act, 
and the stress in UJL^ will then be equal to the shear on the section 
a — a. The stresses are: Dead-load, — 22.0; and live-load, + 
13.5, which gives a total of — 8.5; but as the maximum stress is 
-22.0 - 126.0 = - 148.0, it is evident that and not -S.5 is the 
minimum. 

The computation of the maximum stress is as follows: 

Load points L, and to the right. The shear on a - a is, for 
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Fig. 41. Stress Diagram for Vertical iu 
Truss of Fig, 40. 
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dead load, +22.0; and for 4- live load, +126.0; and the equations of 
the stresses are: 



+ 22.0 + UJj^ = 
+ 12C.0 + U^L^ = 



UJ.^ = - 22.0 
C/jLj = -126.0 

Max. = - 148 



TRUSSES UNDER DEAD AND LIVE LOADS 

30. The Pratt Truss. The Pratt truss is used to perhaps a 
greater extent than any other form; probably 90 per cent of all simple 
tniss spans are of this kind. 

Let it be desired to determine the stresses in the 8-panel 200-foot 
single-track span shown in Fig. 42, the height being 30 feet, the dead 
panel load being 30 000 pounds, and the live panel load 62 400 

pounds. The secant 'is I 25^ +20^)* "^ '^^ == 1.302, and the cosine 

is 0,7685. The dead-load reaction is 31 X 30.0 = 105.0. 

The dead-load shears are : 

r, - 4- 105.0 

\\ = -L 75.0 

\\ = + 45.0 

V, = + 15.0 

]', = - 15.0 

The dead-load chonl stresses mav be tabulated as follows (see 
Articles 27 and 29): 

Dead- Load Chord Stresses 





1 


' Ckn- 






Mkmbkr 


Skc- 

TION 

a —a 


TF.R OF 

Mo- 

MENTf* 


Strebh Eqt'ation 


Sthkas 


L^L, — LiL.2 


4- 105.0 X 25 - /.,L, X 30 = 


4- 87.5 


L^L, 


b-b 


u. 


+ 105.0 X 50 - 30.0 X 25 - L,L^ X 
30 = 


+ 150.0 


LJu - 


c — c 


u. 


4- 105.0 X 75 - 30.0 (25 + 50) - L3L, 
X 30 = 


4- 187.5 


L^C^.. 


a-a 


L, 


+ 105.0 X 75 - 30.0 X 25 + l\U^ X 










30 = 


-150.0 


UM:^ 


b-b 


f^. 


+ 105.0 X 75 - 30.0 (25 + 50) 4- 










UM^ X 30 = 


-187.5 


u,u. 


c — c 

1 

1 


lu 


4- 105.0 X 100 - 30.0 (25 4- 50 4- 75) 
4- U^U, X 30 = 


-200.0 



In determining dead-load stresst^s in web meml)ers, it is cus- 
tomary to assume one-third of the dead panel loads as applie<l at the 
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upper chonl points. This, as will be seen, makes no difference in the 
stresses in the chords or in the diagonals, the stresses in the verticals 
only being different from what is the case when all the dead load is 
taken on the lower chonl. 

The stresses in the diagonals (see Articles 27,28, and 30) are: 

Dead- Load Stresses in Diagonals 



Mfm- 

DKK 


Sec- 
tion 


Shear ok 
Section- 

+ 105.0 
+ 75.0 
+ 45.0 
+ 15.0 


L„{7, 

ex. 


O — O 

a — a 
h-b 
c — c 



Stress Equation 



Stress 



+ 105.0 + L^,Ui X 0.7685 = 
f- 75.0 - UJj. X 0.7685 = 
+ 45.0 - U^L] X 0.7685 - 
+ 15.0 - U^L, X 0.7685 = 



- 136.70 
+ 97.60 
+ 58.60 
+ 1D.53 



In detennining the stresses in the verticals, it is to be remem- 
bered that one-third the dead panel load (or 10.0) is at the panel 
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Fig. 42. Outline Diagram of 8-Panel Siugle-Trai-k Prat t Truss Span. 



points of the upper chonl, and two-thinls (or 20.0) is at the lower 
chord. The stress in the hip vertical UJ^i is detennined by passing 
a circular section around L,. It is solved thus: 

-20.0 4- l\L^ - l\L^ - +20.0 

In a similar manner the stress in U^L^ is found to be: 

- 10 - U,L^ - U^L^ - - 10.0 

In order to find the stress in the remaining verticals, sections 1 — 1 
and 2 — 2 an* pa.ssed, cutting them, and the shears on these sections 
computed. The shears arv: 

V,-, - -\- 105.0 - 2 X 20 - 1 X 10 = +55.0 
V,_ 2 - 4 105.0 -3X20-2X10= +25.0 

The stress equations are written, remembering that as the verticals 
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make an angle of zero with the vertical, their cosine is equal to unity. 
These equations are: 

+ U^L2 + 55.0 « U^L, = -55.0 

■^U^L^ + 25.0 = C/,L, « -25.0 

The live-load chord stresses will be proportional to the dead- 
load chord stresses, as both loads cover the entire truss in exactly 
the same manner. The ratio of the panel loads by which the dead- 
load chord stresses are multiplied in order to get the live-load chord 

stresses, is = 2.08, and the chord stresses are : 

o\j 000 

LoLi = L^L, = + 87.5 X 2.08 = + 182.0 

L^L^ = +150.0 X 2.08 = +312.0 

L^L^ = +187.5 X 2.08 = +390.0 

U,U^ = -150.0 X 2.08 = 312.0 

U^U, = -187 5 X 2.08 = -390.0 

U^U^ = -200.0 X 2.08 - -416.0 

As the entire bridge is to be loaded to get the maximum stress in 
LJJ^, it is therefore equal to the 
dead-load stress times the above 
ratio; or LJJ, = -136.70 X 2.08 
= - 284.20. 

The maximum live-load stress 
in UjLj is determined by passing 
a circular section around Lj, and 
is solved (see Fig. 43) from the 
equation : 

■^U,L - 62.4 = .-. C/jLi =» +62.4 

For U^L^f the section a — a is 
passed, and the points L^ and to 
the right are loaded. The maxi- 
mum shear is: 

62.4 



u. 




4 



m 

(0 



N 






I 



Fig. 43. Calculation of Maximum Live- 
Load Stress in a Vertical of Span 
of Fig. 42. 



+ r, = + 



8 



(1+2 + 3 + 4 + 5 + 6)- + 163.8; 



and the stress equation is: 

+ 163.8 - f/jLj X 0.7685 = .'. U^L^ = +213.2. 

In a similar manner, pass section b — b, and load points L, and to 
the right, and the shear and the stress equations for U^L^ are : 

. 62.4 



•^v. 



8 



(1 + 2 + 3 + 4 + 5) = +117.0 



+ 117.0 - f/^a X 0.7685 = 



.-. r/jLj = +152.4 



46 



BRIDGE ENGINEERING 



For UJL^f the section c — c is passed, and the panel points to the 
right are loaded. The shear and stress equations are : 



+ V, = + 



62.4 

8' 



(1 + 2 + 3 + 4) = +78.0 



+ 78.0 - C/3L4 X 0.7685 = .-. UJj^ = +101.6 

For the maximum stresses in the verticals, sections 1 — 1, 2— 2, 
and 3—3 are passed, and in each case the panel points to thejeft. 
of these loaded. The shears are 



V, 



62.4 
8 



(1 + 2 + 3 + 4 + 5) = +117.0 



62 4 
V3-2 = - g- (1 + 2 + 3 + 4) = +78.0 



V^- 



62.4 

8 



(1 + 2 + 3) = +46.8 



The stress jequations for UJj^ and UJj^ are "simple, as only three 
members are cut. They are: 



+ 117.0 + UX., = 
+ 78.0 + C/,L, = 



.-. r/jLa 78.0 




It is seen that the section 3-3 cuts the member LJJ^, and 

therefore the stress in this must 
be determined before the stress 
equation can be written, as its ver- 
tical component will enter into it. 
However, by comparing the dead- 
load shear in that panel, which is 
— 15.0, and the live-load shear V^_^, 
which is +46.8, it is seen that the 
resultant shear is + ; and, as this 
is of opposite sign from the dead- 
load shear, a counter is required 
and is acting. The stress in UJj^ is zero, and the diagonals act as 
in Fig. 44, the section 3 — 3 then cutting three members. The 
stress equation is + 46.8 + UJj^ = 0, from which UJj^ = — 46.8. 
Care should be taken not to add to this —46.8 the —10.0 
derived as dead-load stress on page 44, in order to get the maximum 
stress, as the —10.0 previously derived was the dead-load stress 
in U^^ when VJL^ and L^^ were acting. The dead-load stress which 
goes with the live-load stress of —46.8 acts simultaneously with it, 



Fig. 44. Calculation of Stress in Diag 
onal of Span of Fig. 42. 
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and is the dead-load stress in U^L^ when the members U^L^ and UJj^ 
are acting as in Fig. 44. The dead-load shear on the section 3 — 3 
would then be the left reaction minus the loads at points U^, U^, U^, 
Lj, Lj, L^nd L^; or, 

y,-3 « +105.0 -3X10-4X20 5.0; 

and 

-5.0 + U^L^ = .\U^L^ « +5.0. 

Remember that this +5.0 can act only when the live load tends to 
produce a stress of —46.8; and thus the total stress in UJj^ with live 
load in that position is —46.8 + 5.0 = —43.8, while with dead load 
only in the truss the stress is — 10.0. 

The dead-load shears and the maximum + and — live-load 
shears should now be written for inspection, in order to investigate 
for counters and then for the minimum stresses. Those whose 
derivation has not been given should be easily computed by the stu- 
dent at this time. The shears are 



Dead- Load 


+ LiVR-LOAD 


— LZYE-LOAD 


y, + 105.0 
y, + 75.0 
y, + 45.0 

y, + 15.0 


+ 218.4 
+ 163.8 
+ 117.0 
+ 78.0 



- 7.8 
-23.4 
-46.8 



From a study of these it is seen that a counter is required in the 
4th panel according to rule a, Article 37; and according to rule 6 of 
the same article, the maximum stress is (—46.8 + 15.0) X 1.302 = 
+41.4, the minimum stress for it and also UJLl^ being zero according 
to the same article. A counter is also required in panel 5, as the 
truss is symmetrical. 

The minimum live-load stress in U^L^ is zero, and occurs when 
no live load is at the point L^, 

The minimum live-load stresses in the diagonals U^L^ and U^^ 
occur when the truss is loaded successively to the left of the sections 
a — a and b — b, in which case the shears are —7.8 and —23.4 
respectively. The stress equations are 



- U.L^ - 7.8 X 0.7685 = 

- U^L^ - 23.4 X 0.7685 = 



U^L^ 10.16 

UJL, = -29.16 



The minimum live-load stress in l/^L, is obtained by passing 
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section 1 — 1 and loading the panel points to the left. The live-load 
shear is the same at this section as it is at the section b—b — ^namely, 
— 23.4. The stress equation is 

+ C/jLj - 23.4 - .-. C/jLa = +23.4 

To determine the minimum live-load stress in U^^, proceed as 
indicated on page 42. By loading points L, and to the left, the live- 
load shear in the 4th panel will be —46.8, and in the 3d panel under 
this same loading it will be —46.8 + 62.4 = + 15.6. The sign of the 
total shear in the two adjacent panels, and the members acting, arc 
shown in Fig. 45. The stress in U^^ is then determined by using a 
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Stress Diagrams for Verticals in Span of Fig. -12. 



circular section around U^, and is simply the dead load at L\y there 
lK»ing no live-load stn^ss in the member when the bridge is loaded as 
has l)een done. 

In finding the minimum live-load stress and also the minimum 
stress in UJj^, the same method of procedure will be followed. Let 
L^ and to the left be loaded. Then the shear in the 5th panel is 

— 78.0, and vnder this same loading the shear in the 4th panel is 

— 78.0 + 62.4 = —15.6. The sign of the total shear in each of the 
adjacent panels is given in Fig. 46. It should be remembered that 
a resultant shear with the same sign as the dead-load shear causes 
the main diagonal to act, while a resultant shear of opposite sign to 
that of the dead-load shear causes the counter to act. The members 
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acting are shown, and a section 4 — 4 can \ye passed. The dead-load 
shear at this section is 105 — 3 X 2() - 4 X 10 = +5.0; and 

accordingly, 

- U^L^ -f 5.0 = 0. 
Therefore, 

C/4L4 = + 5.0 = Dead-load stress in this case. 

The live-load stress which acts at the same time is: 

-UJj^ - 15.6 = .-. U,L, = -15.6, 

the term — 15.6 representing the live-load shear on the section 4 — 4. 
This is not the minimum stress, as will next be shown, but it illus- 
trates the fact that the loading for minimum live-load shears does 
not always give the minimum 
live-load stress. 

By loading L^, the live-load 
shear in the second panel, and 
likewise all others from this to 
the right support, will be —7.8. 
The total shears, together with 
their sign, and also the members 
they cause to act, are given in 
Fig. 47. The minimum live-load 
stress in U^L^ is found to be zero, 
and the dead-load stress is — 10, 
as is derived by passing a circular 
section around U^, the equation 
being as follows: 

— Live load at U^ — U^L^ = 
-Dead load at U^- UJj^ = 
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Pig. 47. Stress Diagram for Vertical In 
Span of Fig. 48. 



.*. C/4L4 = for live load. 

.-. UJj^ = - 10.0 for dead load. 

A diagram of half the truss should now be made, and all dead 
and live load stresses placed upon it, and these should be combined so 
as to form the maximum and the minimum stresses. Such a dia- 
gram, together with all stresses, is given in Fig. 48. 

The stresses are written in the following order: Dead load, 
maximum live load, minimum live load, the maximum, and the * 
minimum. In the chonl and end-post stresses, there is no minimum 
live-load stress recorded, it being zero. Where pairs of strt*sses occur 
simultaneously, a bent arrow connects them. 

40. The Howe Truss. The physical make-up of the Howe truss 
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differs from that of 
the Pratt in that 
the diagonals are 
made to stand com- 
pression only, and 
the verticals can 

stand tension onlv. 

• 

In the Pratt truss 
it was found that 
none of the inter- 
mediate posts could 
he brought into 
tension by any 
loading. In the 
Howe tmss it will 
be found that none 
of the verticals can 
l)e brought into 
compression. 

I^titl)ere(juinMl 
to determine the 
stresses in a Howe 
truss of the same 
span, height, and 
loading as the Pratt 
truss of Article 30. 
An outUne diagram 
is given in Fig. 49. 

The dead-load 
shears and the 
maximum and min- 
imum live-load 
shears will be the 
same as for the 
Pmtt truss, and 
they are: 
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Dead-Load V 


+ Live-Load V 


— Live-Load V 


1', + 105.0 
\\ + 75.0 
\\ + 45.0 
\\ + 15.0 
\\ - 15.0 


+ 218.4 
+ 163.8 
+ 117.0 
+ 78.0 
+ 46.8 


- 

- 7.8 
-23.4 
-46.8 
-78.0 



Inspection of these shows that counters are required in the 4th 
and 5th panels (see Article 37). 

The dead-load lower chord stresses will be computed by the 




Fig. 49. Outline Diagram of 8-Panel Single-Track Howe Truss Span. 

tangent method (see Article 31), the section being y — y,, etc. The 
tangent of <^ is 25 -^ 30 = 0.8333. The stresses may be conven- 
iently tabulated as follows: 

Dead -Load Chord Stresses (Lower Chord) 



Mem- 
ber 


Section 


Stress Equation 


Stress 


L2L3 


■ 

y - yx 
2/ - 2/2 

y - y^ 


-105.0 X 0.8.33;^ 4- L,Jj, = 
-1105.0 4- 75.0)0.8333 -f L.L^ == 
-(105.0 -f 75.0 -f 45) 0.8333 4- L^L^ = 
-(105.0 4- 75.0 4-45.04- 1 5.0) 0.8333 4- LjL^^ 


4- 87.6 
+ 150.0 
4-187.5 
4-200.0 



A simple method for the determination of the upper chord 
stresses, is to pass a section and to equate the sum of the horizontal 
forces. Pass section 1 — 1. The only horizontal forces are the 
stresses in LJj^^ and UJJ^'y and as these are parallel, one must be equal 
and opposite to the other. In a like manner the stresses in the other 
sections of the top chord are found. The stresses are : 

U,U^ = -LJ^, = -(+ 87.5) = - 87.5 
U^U^ = -L,L, = -(4-150.0) = -150.0 
U,U^ = -Lj^3 = -( + 187.5) = -187.5 
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A consideration of the Pratt truss shows that this method can be 
applied to it in determining the chord stn*sses. 

As it is kno\m that the diagonal web memlx»rs are in compression 
under the dead load which produces a {)()sitive shear in the left half 
of the truss, it is evident that positive live-load shears will produce 
compressive stresses, and negative live-load shears tensile stresses, 
in the diagonals in the left half of the truss. Also, from Article 30, 
the stress in a diagonal is V sec <f>. Tlic stresst»s can now be written 
directly without the aid of the stress cijuation: 

LoC/i = -105.0 X l.:i02 = -130.70 

LjJ/a 75.0 X 1.302 - - <»7.00 

L2C/3 = - 45.0 X 1.302 - - ,18.00 

L^U^ - -% 15.0 X 1.302 = - 19.53 

Likewise the stresses in the verticals can l)e written directly, remem- 
bering that here the secant is unity, and that the shear at the section 
cutting the mcml)er is to be used, not forgetting that i of the dead 
panel load is applied at the top panel points. The shears and 
stresses are: 

v. _ , « +105.0 - 10 - +95.0 r/.L, = +95.0 

\\-2= +105.0 - 20 - 2 X 10 == +05.0 VJ., = 4 05.0 

\\_ 3= +105.0 - 2 X 20 - 3 X U) - +35.0 r,L, - ^ .35.0 

The meml^er l\L^ cannot Ik* easily determintxl by passing a 
section 4 — 4, for this cuts four meml)ers. It is determined by passing 
a circular section alx)ut the point L^, the equation being +U^L^ 
— 20.0 = 0, from which UJj^ = +20.0, which is equal to the dead 
panel loa<l at the point L^. 

The live-load chord stresses an? determined by multiplying the 
dead-load chortl stresses by the ratio of the live to the dead loads. 
This has been foimd to Iw equal to 12.08. The live-load chord stresses 
are found to be : 

L,A =-- +1S2.0 U,IK^ -182.0 

L,L.j ^ +312.0 ^^^'3 - 312.0 

LX3 = +390.0 l\X\ -390.0 

L^L, --- f 410.0 

As the character of the stn»sses which can l>e taken by the 
diagonals and the verticals is known, the* maximum and minimum 
live-load stn'sses can Ik* written without first writing the stress 
equations. The maximum live-load stri*sses are: 
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LoC^i = -21S.4 X 1.302 = -284.30 


L\L, = +218.4 


L,t^2 = -103.8 X 1.302 = -213.27 


U,L^ = + 163.8 


L^U^ = -117.0 X 1.302 = -152.33 


(73^3= +117.0 


L:,t\ = - 78.0 X 1.302 = -101.56 


U,L, = + 78.0 



It should l)e noted that when L^ and all panel points to the right 
are loaded, the shears and the members acting arc as shown in Fig. 
50. The dead-load shear on the section 4 —4 is + 15.0, less the load 
at U^, or + 15.0 — 10.0 = +5.0; and the ecjuation of stress is — UJj^ 
+ 5.0 = 0, from which U^L^ = +5.0. Thus it is seen that in this 
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Fig. 50. Fig. 51. 

Stress Dia^rjiins for Members of IIowo Truss Span of Fig. 49. 



case the dead-loa<l stress is +5.0 when the live-load stress is + 7S.0. 
The maximum stresst»s in the counters (see Article 37) are: 

(-40.8 4- 15.0) 1.302 = -41.4. 

The minimum live-load stn*sses are now written as follows: 



L,t-2 = 4 7.S X 1.302 = 4-10.10 
L.l\ = -^23.4 X 1.302 = 4-29.15 
LJ/, = 
{1,L, - 



L\L, - 
VJ., - -7.8 

See discussion 
following. 






If live panel loads were placed at points Lj, Lj, and L, the live- 
load shear in c — c would be —46.8; and the dead-load shear being 
+ 15, the counter would act, and the stress in VJ^^ would be tensile 
and equal to the sum of the dead and live panel loads which are at 
its lower end L,. If points L^ and L, had live panel loads on them. 
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the resultant shear in c — c would lx» —2*3.4 + 15.0 = —8.4; the 
counter would act, and the stress in VJj^ would be tensile and equal 
to the dead panel load which is at L,. There being no live panel load 
at Lj, the live-load stress in UJj^ would be zero under this loading. 
If a live panel load be placed at L^ only, then the shears and the mem- 
bers acting will be as shown in Fig. 51, and T',., for dead load = 
+45.0 - the load at i/,. or = 45 - 10 = +35.0. The F,., for 
live load = —7.8, and the stress equation — UJj^ — 7.8 = 0, from 
which C7^j = — 7.8. So this live-loatl compression stress of 7 800 
pounds occurs at the same time as the dead-load tensile stress 
of 45 000 pounds. 

By loading various groups of panel points in succession and 
determining the resulting live-load stresst\s in UJj^, it will l^e found 
that under no loading can a negative live-loail stress be produced. 
The minimum live-load stress is therefore zero, and occurs w^hen 
there is no live load on the bridge. 

The stresses should now l)e placed on an outline diagram similar 
to that of Fig. 48, and the stresses in corresponding memlx»rs com- 
pared with those in that figure. This is left for the student. 

41. Bowstring and Parabolic Trusses. A bowstring truss is 
shown in Fig. 13, the full lines representing the main members, which 
are the members under stress by the dead load. The dotted members 
represent counters which may be stressed by the action of the live 
load. 

As before mentioned, the stresses in the chords and also in the 
webbing are quite uniform. When the end supports and the panel 
points lie on the arc of a certain cur\'e, called a parabola, then, under 
full load, the stresses in all panels of the lower chord are equal ; the 
stress in all verticals is tensile and is equal to the panel load at the 
lower end ; and the stress in all diagonals is zero. Under partial load, 
the stresses in the webbing are exceedingly small, and the chord 
stresses remain almost equal. 

If it is desired to have a parabolic truss, first decide upon the 
length of span, the number of panels, and the height at 
the center. The height of any vertical post is given by the 
formula: 

. 1/ 4//rf» 
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in which, 

II = Approximate height at center; 
d = Distance of vertical post from center; 
I = Span; 
h — Height of vertical post sought. 

All distances are in feet. Suppose*, as an example, that it was 
desired to determine the heights of the vertical posts in an 8-panel 
parabolic truss of a height approximately equal to 24 feet. One-half 
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Fig. 52. One-Half of 8-Panel Parabolic Truss. 

the tniss is shown in Fig. 52. At the center, d = 0, and the ecjuation 
reduct»s to h = II, which is 24 feet. For UJ^^y d = 20; then, 

4 X 24 X 20" 7 



h - 24 - 



fnmi which. 
For Tjio* 



IGO 

h = 22.5 feet. 



h ■-= 24 



</ = 40 

4 X 24 X 40* 



160' 



18.0 feet. 



For UJj^y 



d = GO 



, ., , 4 X 24 X 00' 
h =5= 24 — -- - 

160 



h = 10.5 feet. 



Inspection of the above results shows that the span or the center 
height must become quite great before the clearance at V^L^ will be 
sufficient to allow the traffic to pass under a portal bracing at this 
point. For this reason these trusses art* usually built as through 
trusses with bracing on the outside of the truss, which connects to 
the floor-beams extended. 
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In the bowstring truss, 
the. panel points of the 
top chord usually He on 
the arc of a parabola 
which doe^ not pass 
through the supports. 
For example, suppose 
that it was decided to 
have the span and pan- 
els the same as shown in 
Fig. 52, but the height 
at ij was to be 28 feet, 
and at L^ 36 feet. By 
substituting these values 
in the equation just 
given, and solving for /, 
the place will be deter- 
mined where the para- 
bolic cur\'e cuts the 
lower chord extended, 
and the lengths of the 
vertical posts may be 
c*omputeil as l^efore. 
Substituting these re- 
sults: 



28 - 3G - 



4 >: 30 X m' 

12 



(-3G + 28)/-- -- 4 X36 
X 60' 



7 _ / 4 X 36 X 60* 
= 254.5, 

which shows that the 
arc cuts the lower chord 
extended at a point 
254.5 -2 = 127.25 feet 
fn)m the center of the 
span (see Fig. 53). 



. « 
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The other vertieal posts are: 



r T 



ux. 



4 X 30 X 20" 
h =- M) - - r - — - = 35.11 feet: 

254.0- ^ 

4 y. 30 X 40= 

h = 30 - - 32.44 feet; 

254.5" ' 



4 \: 30 X 00 
T\L^ h = 30 - ^ _ ,- - 2S.00 feet, which checks. 

254.5 



The analysis of a bowstring truss will now^ l>e given. Both the 
maximum and minimum stresses will Ix) determined, as reversal of 




Pig. 54. Outline Diagram of 5- Panel Bowstring Truss Span. 



stR\ssc\s is liable to occur in the interme<liate posts. The loading for 
minimum live-load stressivs can Ix?; a.sciTtaine<l onlv bv trial, care 
being taken to compute the* dead-load strt\sses for the arrangement 
of web meml)ers causcnl by that pirticuhir live h)a(ling. 

liCt it Ih"! nHjuired to determine the maximum stress(\s in the 
5-panel l(X)-foot lK>wstring tni.ss 
shown in Fig. 54, n»membering 
that the diagonals take only ten- ^- 

sion. The height of l\L^ is 20 /^ 

feet, ami of UJj^ 25 feet. The / 



U 



L..-^ 



I 



11.47 



dead panel load is 17 2()0 pounds, 

and the live panel load is 50 000 

pounds, '^riie full lines show the 

main memln^rs which act • under 

dead-load stress, and the dotted 

lines show the counters w^hich may 

act under the action of the live load. One-thinl of the dead 

panel load, or 5 730 pounds, is taken as acting at the upj:)er 

panel ponits, while the remainder, 1 1 470 pounds, acts at the lower 



Fig. .5.5. Kcsolution of Forces around 

Panel Point in Howstring Truss 

of Fig. 54. 
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Analysis of Stresses In Various Members of the liowstrliig Truss of Fig. 54. 
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Analysis of Stresses iu Various Members of the Bowstring Truss of Fig. W. 
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ones. Articles 27, 28, and 29 should be carefully rcviewed Ijefore 
going further. The shear times the secant method cannot be con- 
veniently employed for the live-load stresses in the members U^L^ 
and LJJ29 as the section will cut the member UJj^y and the vertical 
component of its stress must be reckoned with in the stress equation 
The method of moments as illustrated in Fig. 27, Article 29, will be 
used for these members. 

The dead-load reaction is 2 X 17.2 = +34.4. The dead-load 
chonl stresses should first be computed. 

By resolvuig the horizontal forci^s around Lj, it is seen that LJj^ 
= LJj^ (see Fig. 55). Passing the section a — a, takmg the center 
of moments, at f/\, and stating the wiuation of the moments to the 
left of the section, there results (see Fig. 56) : 

+ 34.4 X 20 - L,L., X 20 = /. LJj^ = 4-34.4 

For LJj^, the section b — h is jwssed; the ct»nter of moments is 
at V^'y and the equation of the moments to the left of this section 
(see Fig. 57) is: 
+ 34.4 X 2 X 20 - (11.47 + 5.73) 20 - LJ.;, X 25 = .'. LXj = +41.20. 

By passing a vertical section cutting LJj^ and L^J^, the stress in 
//yr'jcan Ix* determined by taking the sum of the vertical forces to 
the left and equating them to the vertical connxmcnt of the stress 
(see Fig. 58). The ecjuation is: 

+ 34.4 + L„r7i X 0.707 - 0, from which LJJ^ - -34.4 X 1.414 - - 4S.7. 

A section a — a (Fig. 50) shows that the center of moments for 
U^J^ is at U^\ and stating the moments of the stress, and the forces 
to the left of the section, thert* results ah equation in which an 
unknown lever arm enters. This lever arm / is readily computed 
to be 24.28 feet, and the equation can now l)e written : 

+ 34.4 X 2 X 20 - (11.47 + 5.73) 20 + IJ,U.^ X 24.28 = 

.-. U^U., = -42.51. 

The stress in VJJ^ is determined by passing a vertical s(*ction 
in the 3(1 panel, and taking the sum of the horizontal forc^es. As there 
is no dead-load stR\ss hi the memtwrs L^\ and UJj^y their comjx)- 
nents will Iw 7x*ro. Therefore (see Fig. 60) it is evident that VJJ^ 
must be equal and opposite to LJj^ and will be equal to —41.2(3. 

By reference to Fig. 55, the stress in LJJ^ is seen to l>e tensile and 
equal to +11.47. 
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Pass a circular section around t/j and take the sum of the vertical 
components, assuming that the stress in UJj^ ^^^ away from the 
section. The length of U^U^ is V^S' + W = 20.6, and therefore the 
vertical component of U,U^ will be (42.51 -r- 20.6) X 5 = 10.32, 
which acts upward. The stress equation of f/^Lj (see Fig. 61) is: 

+ 10.32 - 5.73 - l/jLj = .*. UJj^ = +4.59, 

showing that a tensile stress occurs in U^^ when all pan^l points are 
loaded. 

The simplest method of ascertaining the stress in UJj^ is to pass 
a vertical section cutting members as shown in Fig. 62, and to equate 
the horizontal forces and stresses. ^Iie horizontal comjxMient of 
U,U, is: 

42 51 
.^^. X 20 - 41.30, which acts toward the left. 

The ecjuation of stress is, then : 

-41.30 + 34.40 + UJ.^B\n ^ = 0; but sin = 0.707; 
UJ^^ = +6.90 X 1.414 
= +9.76 

All the dead-load stresses l)eing computed, the next operation 
will te to determine the live-load chonl stresses. These are pro- 
portional to the dead-load stresses in the same ratio as the live panel 
load is to the dead panel load. This ratio is 50 -^ 17.2 = 2.907, 
and the chord and end-post live-load stresses are: 

L^U, = -48.71 X 2.907 = -141.7 
U,L\ = -42.51 X 2.907 - -123.6 
r/,C'3 -= -42.26 X 2.907 = -123.0 
A,,/., - f 34.40 X 2.907 - + 100.2 
L.,L^ -- +41.26 X 2.907 - +120.3 

Also, the strt»ss in V^^ when the live load covers the entire bridge 

is not 2.()07 X 4.59, as it must lx» rememlx»nKl that part of the dead 

load is at the panel points of the upper chonl. Taking a cirtnilar 

section around U^ (see Fig. 61), and notmg that there is no load at ["^2, 

it is seen that the stress in VJj^ ^"^ *o ^^^'^ \o2ii\ is simply ecjual to the 

vertical component of the live-load stress of UJJ^ and will be tensile. 

It is: 

l\U^ = (123.6 -^ 20.6) X 5 = +30.0. 

The maximum live-load stress in UJjy^ is tensile, and ecjual to 
the live panel load at L^ (see Fig. 55). 
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To obtain the maximum strt»ss in f 'j^^s* '^*^^' ^^s ^"^' ^^i- '^'^^^ 

50 
shear T", will then Ix* *- (1 + 2) = +*^0.0. The s<»ction will cut 

8 5 

the members as vshown in Fig. 63, and the equation of stress will be: 

25 
+ 30.0-^^X3 f^<>« 0=0; but COB <l> = --0.782; 

J 20' 4- 25' 
.-. l^L» == +38.4. 

If panel points L^ and L^ were loaded, it is evident that the stress 

in L^U^ would be +3S.4. 

To obtain the maximum live-load stress in U^L^^ a section is 

passed cutting UJJ^, LJj^* ^"^ UJj^ (Fig. 64). The center of 

moments will Ix; at the intersection of UJJ^ and LJj^^ and this p(^int 

lies some place to the left of the support L^. The lever arm of IJ^^ 

will be the perpendicular distance from this point to the line IJ^o 

extended. The panel jioints Z*,, Lj, and L^ are loaded. The left 

50 
reaction is then (1 + 2 + 3) - - = + 00.0. The lever anns are 

5 
easily computed, and these, together w4th the members cut, an* shown 
in Fig. 64. The tnjuation of stress is : 

- 60.0 X 60.0+ UJ.,X 70.8 = .*. l\L. = +50.80. 

If a load were put on L^ only, then the reaction at L^ would be 

4 

— - X 50 = 40; and the ecjuation of stn\ss would then Ih»: 
o 

-40.0 X 60.0 + 50 X (60.0 + 20.0) +l\L^ X 70.8 = .'. L\L, = -22.6. 

As this is compression and greater than the dead-loatl stri»ss, +0.7(), 
a counter is riKjuired in that panel. In onler to get the stn\ss in the 
counter, it must Ix* inserted, VJ^z l^*i"R l^ft out, and the dead and 
live load stresscvs computed andtheir diflFerenw taken. Fig. (k) gives 
the lever arms, c(»nter of moments, and the font\s acting in this case. 
The dead-load stR\ss is: 

-MA X 60.0 + 111.47 + 5.73) (60 + 20) - A,r, X 62.5 - 

.-. LJJ, - -11.02; 

and the live-load stix'ss is: 

- 40 X 60 + 50 (60 + 20) - L.T, X 62.5 - .'. LJ\ - i 25.60, 

and the stress in the counter is the algebniic sum of thrse two, or 
-11.02 + 25.60 = +14.58. 
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When a live panel loatl is at Lj, LJJ^ is acting, as has just been 
provecL As this load at L^ causes a negative shear in all panels to 
the right, this negative shear in the center panel will cause LJJ^ to 
act. A section may now be passed as sho^vn in Fig. 66, and the stress 
eiiuations for U^L^ written: 

For dead load, -f 34.4 - 11.47 - 2 X 5.73 - U^L^ = .'. UX^ - .-11.47 



FoT live load, +40.0 - 50.0 - ILU = 



UJ^2 = 



10.00 



Total = -f 1.47 
ThLs is evidently not a maximum for U^2f ^^^ when a full live load 
was on the span, the stress was +30.0 due to live load and +4.59 
due to dead load. 

It might be well to consider what effect is produced by loading 
L3 and L^. The loading of L^ and /^^ need not be considered, since 
it is evident that, as this causes the total shear in panel 2 to \ye [X)sitive 
and the total shear in panel 3 to \ye negative, thert^forc l^L^ and LJJ^ 
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Fig. 68. Stress Diagram of Half -Span of Parabolic Truss of Fig. 54. 



will act, and this causes a tensile stress in VJ^^ ecjiial to the vertical 

components of the dead and live load stresses in Ij ^i, less the dead 

panel load at V.^^, With a live panel load at L3 and L^, the left reaction 

50 
is -^jy + 2) = +30.0. The section, the live-load forces, the cen- 

ter of moments, and the members acting are shown in Fig. 67. The 
dead-load stress in VJj^ will l)e the same as when the truss has no 
live load on it. The stress equation for the live load is: 

-60 X 30 - (60 + 20 + 20) X LdJ^ = .*. hJU^ = - 18.0. 
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The dead-load stress being +4.59, this 
stress of — 18.0 causes a reversal of stress 
in the vertical. For this reason the ver- 
ticals of bowstring trusses are, like web 
menibers of Warren trusses, built so as 
to take either tension or compression. 
The minimum stresses in the diagonals 
will be zero, for when one diagonal in a 
panel is acting, the other is not. 

The diagram of half of the truss in Fig. 
(>S gives all tlie stresses. 

It is to Ixi noted by the student, that 
in some cases one method for the deter- 
mhiation of »tn\sses is preferable to others 
in that it sav(»s labor of c*omputation. 
The analysis of the tniss of Fig. 68 illus- 
trates this fact. 

42. The Baltimore Truss. Baltimore 
tnisses are of two classes — those in which 
the half-diagonals, calleil siib-^iagonals, 
aix» in compression, and those in which 
the sub-diagonals are in tension. The 
latter class is the one most usually built, 
as it is more economical on account of 
many of its memlx^rs Ix^ing in tension, in 
which case these memlHTs are cheaper 
and easier to build than if they w^ere cnmi- 
pressi(m memlxTs. Fig. 14 j>hows Ikjuv 
tyiK\s of truss. The Baltimore truss does 
not have a simple system of webbing, and 
toi that reason the analysis is hen* pre- 
sented. As the tension sul>-diagonal truss 
is the tyjDe in most common use, its analy- 
sis will lx» given. 

Ix»t it Ix* n»(iuired to compute the 
maximum strc\sses in the 14-panel 2sO- 
f(K)t span of Fig. 09. '^riie ht*ight is H) 
feet, the dead panel load 24 (XX) {)ounds, 
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and the live panel load 40 000 pounds. One-third of the dead 
panel load is applied at the upper ends of the long verticals and also 
of the half-verticals. These half-verticals are designated as sub- 
verticals. Attention is called to the system of notation used for the 
ends of the sub-verticals. The full lines in Fig. 69 represent the 
main members, being stressed by dead load only. The heavy lines 
indicate those members that take compression, the light lines those 
that take tension, and the broken lines the counter-braces. In thb, 
as in nearly all Baltimore trusses, the diagonals make an angle of 45 
degrees with the vertical. 

The dead and the positive live-load shears in the various panels 
should be computed. They are : 

Dead-Load V + Live-Load V 

40 
Vj + 156.00 Ti = (1 4- . . . . 13) —- = +260.00 

r, + 132.00 r, - (1 + .... 12) ^ = +223.00 

y, + 108.00 F, = (1 + .... 11) 1^ - + 1S8.50 

V^ + 84.00 V, = (1 + . . . . 10) ^ = + 157.20 

14 

F, + 60.00 Fj = (1 + .... 9) 4^ = + 128.50 

14 

F, + 36 00 Fc - (1 + .... 8) 4? = + 102.80 

14 

Vj + 12.00 F, = (1 + .... 7)^ ^ + 80.00 

14 

It is only necessary to determine the negative live-load shear in 
panels 5 and 7, in onler to ascertain if there is a counter required. 
These shears are : 

-Fj = (10 + 11 + 12+ 13) 1^ - 4 X 40 = -28.60 

- Fy = (8 + 9 + 10 + 11 + 12 + 13) -^^^ - 6 X 40 = -60.00 

From a comparison of these with the dead-load shears, it is seen 
(see Article 37) that a counter is required in panel 7 only. 

The dead-load stresses are first to be computed. The stress in 
any sub-vertical is found by passing a circular section around its 
lower end, and equating the sum of the vertical forces, assuming 
in this, as in all cases, that the unknown stress acts away from the 
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section. Take M^m^, for example. Fig. 70 gives the section, the 
forces acting, and the members cut. Then, 

-f ilfiWi - 16.0 = .-. Mj?n, = +10.0 

As all sub-verticals have the same dead load at their lower end, it 
follows that the dead-load stress in all sul)-verticals is the same, a 
tensile stress of 16 000 pounds. 

The dead-load stresses in the sub-diagonals are determimnl by 
resolving the forces around the joint at their lower end. The com- 
ponents perpendicular to the diagonal are taken (see Fig. 71). Take 




tn^ 



Fig. 70. DiaRram for Calculating Stre.s<i in 
Sub- Vertical of Baltimore Truss. 

TWjf/j. The known forces or 
stresses are the dead panel load 
of 8.0 and the stress in m^M^, 
which is 16.0 and which l)eing 
tensilQ acts away from the sec- 
tion. The stress equation is: 




F*ig. 71. Diagram for Calculating Stress in 
Sub-Diagonal of Baltimore Truss. 



■\-m.JJ2 — ^S) sine ^ — 16.0 sine ^ = 0. 
<!> - 45°, 8ino il> = 0.707,and * 
vi^U^ - 8.0 X 0.707 - 16.0 X 0.707 = 
.-. inJJ^ =■■ + 16.96. 

This equation may be put in another form by multiplying and dividing 
the numerical values bv 2: 



or, 



mJJn ~ - X 1.414 



24 



0; 



m^U2= H .^-sec^, 



which proves the well-known sajdng that the stress in the svlhdiagonals 
is equal to one-Jialf the panel load, times the secani of the angle <f>. It 
also shows that the vertical component of the svlh-diagonal is equal to 



BUIIKJE ENGINEERING 



67 



one-half the panel load. This fact should be remembered, as it will 
l)e frecjuently used further on. 

In a similar manner, the stress in all the tension sub-diagonals 
will be found to be the same, + 16.96, and 
the stress in the compression sub-diagonal 
m^Lj is —16.96. 

The stress in the member L^m^ and in 
the upper half of any main diagonal (/. f ., 
L^jiMj, f/jW,, and U^m^) is determined as in 
the diagonals of the Pratt or Howe truss, 
for the section passed cuts but one mem- 
ber, which has a vertical component. Take 
^m^ (see Fig. 72). Then +156.0 + 4% 
cos 4')° = 0, from which L^m^ = — 220.5. For f/^iTWj the section is 
pass(Ml as in Fig. 73, and the equation of stress is +l\ — U{m^ cos 
4:)'" = 0, or + 108.0 - l\m^ X 0.707 = 0, from which U^m^ = 

+ ir)2.i). 

In a similar manner, 

^>»3 = +00.0 -^ 0.707 = +84.84; 
l\m^ - +12.0 - 0.707 = +16.96. 

The stresses in mJJ^, m^^f ^"^ ^s^s ™*y ^ determined by 




Fig. 78. Stress in Diagonal 
of Baltimore Truss. 





Pig. 78. Stress in I7pi)er Half of Main 
Diagonal of Baltimore Truss. 



Fig. 74. Stress in Diagonal of Baltimore 

Truss. 



resolving the forces about m^, m^, and ^3; but a neater solution is to 
pass a vertical section cutting the member whose stress is desired, 
and to equate to zero the shear and the vertical components of all 
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the members cut (see Fig. 24, Article 28). The section for mJJ, is 
passed as in Fig. 74. The equation of stress is then: 

m^Ui cos 45® + mjji cos 45** + F, = 0; 

24 
but the vertical component of mJL^ is— = 12; and therefore, 

m,Ui X 0.707 + 12 + 132 = 
.-. mjC/i « - 203.6. 

For m^2, the section is as shown in Fig. 75, and the stress 
equation is: 

— m^L^ X 0.707 + vert, component rria^a + F^ = 
-m^, X 0.707 + 12 + 84 = 
.-. wiaLj = + 135.6. 




'Fig. 75. Calculating Stress in Lower Half-Diagonal of Baltimore Tniss. 

In a similar manner, passing a section cutting f/^j^'^s* ^^^'v ^^J^v 
and il/jL,, the stress equation may be written: 

- m,L3 X 0.707 + 12 -f 36 « 
.-. mJL,^ =» +67.85. 

The stresses in the verticals are best determined by resolving 
the vertical forces at their lower end. Referring successively to 
diagrams a, ft, and c of Fig. 76, the stress equations are: 

+ U,L^ - 16.0 - 12.0 = .-. UJ.i - +28.0 

+ UXj - 16.0 + 96.0 = .-. L%L^ = -80.0 

+ (/,L, - 16.0 + 48.0 = .-. f/,L, «= -32.0 

96 and 48 being the vertical components of mJL^ and mjj^ respec- 
tively. 
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The chord stresses are easiest computed by considering the 
resolution of horizontal forces at the panel points. As the diagonals 
make an angle of 45° with the vertical, their horizontal and vertical 




Fig. 76. Calculating Stresses in Verticals of Baltimore Truss of Fig. 60. 

components are t^ual. For instance, the horizontal component of 
the members i^mj, U^ni^y and f^2'''3 "^' i^jual to the shear in that 
panel, which is their vertical component. At jK)int \ (sc»e Fig. 77), 
there results: 

-J-Lo3/, — liorizoiital component of MJjq = 0; or, 
+ LoM, - 156 = 
.*. LqA/, « + 156.0; 

and from Fig. 70 it is evident that L^M^ = J/^Lj. At point L^ (see 
Fig. 78), ij-Vj is equal to MJj^, 
less the horizontal component of 
J/jLj, and the equation is: 

- 156 + 12 + L^M^ = 
. L,M^ « + 144.0; and MJ^^^ + 144.0. 

At point L^ (see Fig. 79), L^M^ 
is equal to the sum of the horizon- 
tal components of MJj^ and m2L^\ 
that is, 

+ LjA/j - 144.0 - 96.0 = 
.-. L^M^ = A/aL, = +240.0. 

In a similar manner, at point L„ the stress equation is: 

+ Lj.V, - 240.0 - 48.0 = 

.-. Lg.V^ = MJ^^ = +288.0. 

At the upper panel point U^ (see Fig. 80), there results the 
equation : 

-\-UJJ2 + hor. comp. U^m^ + hor. comp. mJJ^ = 0; 
U^L\ + 108.0 + 144 - 0; or, U^U^ 252.0. 

For the meml)er UJ^^^ (see Fig. 81), the ecjuation is: 




M 



Fig. 77. Chord Stress in Baltimore Truss. 
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+ L\C% + ^2^% "~ ^or. comp. rn^U. + hor. comp. Untn^ = 
+ 252.0 -f f/jf/a - 12 + 60 = 
.-. UM^ - -300.0. 

In a similar manner, by n\s()lvinR the horizontal forces at U.^, it 
will 1m* seen that the aetion of ffij.\ will ncnitrali/x' that of fyw,, as 
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L . / ' "'2 L2 

Fig. 78. Fig. 79. 

Bottom Chord Stn;sses in Baltimore Truss. 

they are equal and pull in opposite directions, and UJJ^ is iHjual to 
l\l\ = -300.0. 

The live-load stresses in the chords, the end-post, and the sul>- 
diagonals are all proportional to the dead-load stresses in the same* 





Fig. 80. Fig. 81. 

Top Chord Stresses lu Baltimore Truss. 

ratio as the live panel load is to the dead panel load. This ratio is 

40 

— = l.(i67. Bv referenc*c to Fiff. 70, it will be .seen that the live- 

24 * *^ 

load stress in the sub-verticals is 1-40.0 for each one. Tlu» following 
striNsses can now Iw determined: 

L„m, - - 220.5 X 1 .067 - - 'M}7.o 
7n,U^ - -203.0 X 1.667 - -3,3ft.5 

U,U^ =-- -252.0 X 1.607 420.0 

l^nU. - -300.0 X 1.667 500.0 

U^U, = -300.0 X 1.667 500.0 

7.0L, - +156.0 X 1.667 - +260.0 

L,L., - +144.0 y 1.667 - I 240.0 

LX:, - +240.0 X l.(>67 - \ 105.0 

L^L^ - +288.0 X 1.667 - \- 481.0 
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w,L, = - 16.96 X 1.667 = - 28.28 
mj/, = m^U^ = -f 16.96 X 1.667 =--- -}- 28.28 

The vortical UJ.^ will haw its maximuin live-load .stR\s.s when 
points 3/j an<l Lj are loa<l(Ml, for thes(» an» the only loads whieh cause 
a stress in that niemlHT (siv Fi^^ 7i\a). The e<fuation is: 



10 



- ., - 40 + r,L, - 0, 



fn>m which, 
r/.A, -= 4-60.0. 
The maximum 
live-load stresses 
in U^m^, U^m^y and 
l\m^ are obtained 
in a manner exact- 
ly like that usckI 
in obtaining dead- 
load stress, only 
the live-load posi- 
tive shear is used. 
The stn*sses an*: 
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Fig. 82. Stress in Lower Half of Main Diagonal of Baltimore 

Truss. 



-(/,m, • 0.707 + 1S8.0 - 

• -l\m^ X 0.707 -f 128.5 - 

- r^m, X 0.707 f- SO.O - 



.-. i\m, f 266 5 
. . V .,m^ ■- f- 181 5 
.'. i\m^ -- -li:}.l 



In the determination of the maximum live-load stn'ss in the 

lower halves of the main diagonals, mjj^, '''3/^31 ^ind mjj^y one of the 

p<*culiarities of this tniss lR»c*omes apparcMit. A section l)eing passcMl 

as in Fig. S2, the panel jK)int ahead of the secttion, an<l all lietwivn 

the s(*ction and the right supj)ort, must Ik) loaded. This of courst* 

pnnluces a stn\ss in mJLK, and the vertical component of this enters 

the stress e<juation. Th«* shear in the scrtion u — a urulcr this load- 

iu(j is: 

l\ .. \ iss..') - 4n - t lis..'); 

and the stress tHjuation is: 

-mj... X 0.707 + -*1| + 148..') - 

.-. tnJ.. =- »-2:{S.O. 

If the tniss ha<l Invn loaded from the section to the right, there l)eing 
no load on M.,, no stress would n*sult in ntj\f and the stress in m^L^ 
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would have been m^^ = 



157.2 
0.707 



= +222.2. In a similar manner, 



by loading successively points Mg and to the right, and M^ and to 
the right, the stress equations of mjj^ and mjj^ are : 



-WjL, X 0.707 +^ + 128.5 - 40 = 

40 
-mj^^ X 707 + ^ + 80.0 - 40 = 



.*. mJLi^ = + 153.3 
.'. m^L^ = + 84.8 



The maximum live-load stresses in the main verticals occur when 
the panel points to the right of the section which cuts the member 

under considera- 
tion are loaded. 
There being no 
load at the end of 
the sub-vertical 
just to the left of 
the section, there 
will be no stress 
in the sub-diag- 
onal which the sec- 
tion cuts. The choRls, of course, do not exert a vertical com- 
ponent; and so the only unknown term of the stress equation is the 
stress in the member itself. Fig. 83 shows how the section should 
be passed when U^^ i^ considered. The stress equation is: 
•{-UJj^ + y._. = 0; H-f/jL, + 128.5 = 0; .*. U^L^ = -128.5. 

In a similar manner, by passing a section cutting UJU^y fn^jU^y 
UJj^f Ljn^, and loading M^ and to the right, it is seen that the stress 
equation for UJL^ is: 




Fig. 88. Stress In Main Vertical of Baltimore Truss. 



+ C/.L, + 80.0 = 



.-. C7,L3 = -80.0 



The components of mJJ^ and Ljn^ are zero, as can readily be proved 
by solving for them under this loading. 

Fig. 84 gives all the stresses, and they are written in order of 
dead load, live load, and maximum. ' 

43. Other Trusses. The analysis of the foregoing trusses will 
enable one to solve any of the trusses of modem times. For the 
solution of the AVhipple (sometimes called the "double-intersection 
Pratt'*) and others which are not mentioned in this text, the student 
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is referred to the text- 
books of F. E. Tur- 
neaure and Mans- 
field Merriman. 

ENGINE LOADS 

44. Use of En- 
gine Loads. It was 
formerly the custom 
for railroads to spec- 
ify that the engine to 
be used in computhig 
the stresses in their 
bridges should Iw one 
of their own which 
was in actual ust\ 
The engines of differ- 
ent roads were usual- 
ly different lK)th in 
regard to the weight 
on the various wheels 
and in regard to the 
number and spacing 
of the wheels. Of 
late years, consider- 
able progress has 
been made towards 
the adoption of a 
typical engine load- 
ing as standard. 
These typical engines 
(see Fig. 17, Article 
25) vary only in re- 
gard to the weights 
on the wheels, the 
number and spacing 
of wheels being the 
same in all engines. 
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The distancf Iwtween wheels is an 
even nnmlHT of fwt, instead of an o*l<l 
nnnilHT of feet ami inrhes and frae- 
fions tlicni)f. For exiun|>le.s iif loiid- 
in;i.s wliich iitv in ahnost universal nse, 
eoiisiill the spoeifications of f'oDpcr or 
Waildcll. 

Tile lalMtrof ntinputalion of stn-sses 
when engine loa<l.s are used is consid- 
erably lessened liv the use of the so- 
called rnffinc Jiatfram.i. Fig. 85 gives 
a diagram wliieh has lieen found very 
convenient. Tlic first line at the top 
represents the Ix-nding moment of all 
the loads aliout the point to the right 
of it. All the loads art^ given in thou- 
sands of pounds, and all the moments 
arc in thousands of pound-feet. Tlic 
practice of writing results in thousands 
of pounds — or, in case of moments, in 
thousands of ix)un<l-feet or poun<l- 
inc'hes — is to hv n-eommended, a.s it 
saves the unnecessary labor of writing 
ciphers. Thnnigliout this text this 
pmctici' has Ixru extensively followi'd, 
the stresses iK'iiig written to the near- 
est ten |N>unds or one-hinidr(^^l jxiumls 
as the ca.s<- may In-. For exam])le, 
ti 4;i;f may Ik- written (i.W or (>.4. the 
few poumls which are negleetcnl mak- 
ing no up|>re<'ial>le ililTerencc in the 
design. The distan^'s aR' in fwt. 

As an example of the use of the (irsi 
Ime at the top, supjxise that it is de- 
sire<l to find the moment of all the 
loails to the left of a cert«in [Hjint 
when .wkrl (i (the nnuilnTs of the 
wheels an> ])laeed inside <jf the circles 
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representing the wheels) is just over the point. The moment will 
be 1 640 000 pound-feet, which is obtained by reading oflF the 1 640 
just to the right of the line through wheel 6. 

Wlien using the first Hnc for values at sections in the uniform 
load, the values given represent the moment of all wheel and uniform 
loads about the points in the line or section to the left of the value 
given. For example, if it is desired to find the moment about a 
point in Hne 2, it will be 19 304 000 pound-feet, the value 19 304 
appearing to the right of the line. 

The line of figures below the wheels indicates the distances 
between any two wheels. 

The third line of figures indicates, the distance from the first 
wheel to the wheel to the right. For instance, 37 is the distance from 
wheel 1 to wheel 7. 

The values in the fourth line indicate the sum total of all the 
loads to the left of the value given. For example, 245 signi^es that 
the loads 1 to 15 inclusive weigh 245 000 pounds. 

The values in lines 5 and 6 are similar to those of fines 3 and 4, 
except that the starting point is at the head of the uniform load. 
For example, 40 in line 5, and 112 in line 6, indicate that it is 40 feet 
from the head of the uniform load to the wheel 12, and that wheels 
18 to 13 inclusive weigh 112 000 pounds. 

The values in lines 7 to 16 indicate the value of the moment of 
all the wheels from the zigzag line up to and including the one to the 
left or the right, according as the value is to the left or the right of 
the zigzag line. For example, 2 745, line 11, indicates that the 
moments of wheels 8 to 14 inclusive alx)ut the zigzag line just under 
wheel 15, is 2 745 000 pound-fc*et; or the value 1 704, line 14, shows 
that the moments of wheels 13 to 18 about the zigzag line just under 
wheel 12 is 1 704 000 iK)und-feet. 

When line 4 of figures is under the uniform load, the vahies refer 
to the vertical line to the right; thus 324 is the value of all loads to 
the left of line 3 about that line. 

For values of moments at points which fall in between wheels, 
or at positions in tlie uniform load where the value of the moment 
is not given, a very important principle of applied mechanics is used. 
It is: 
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in which, 
W 



w = 



- Moment at section desired; 
= Value of moment at preceding vertical line; 
= Sum total of all loads to the left of and at the point where Af' 
is taken; 
Distance from section under consideration to vertical line to 

which 3/' is referred; 
Uniform load on the distance z. 



Let it be desired, for example, to determine the moment at a 

point c, 3 feet to the right of wheel 
13. The position of the loads is 
given in Fig. 86. The moment is: 

3/.., = 7 668 4- 212 X 3 
= 7 668 + 636 

= 8 304 =- 8 304 000 pound- 
feet, there being no uni- 
form loa<l. 

To illustrate the method when 
applied to points in the unifonn 
load, assume the point to be 7 feet 
to the right of line 2. The po- 
sition is illustrated in Fig. 87. The 
moment is: 




Fig. 86. Calculation of Moment at a Point 
under £iiginc Load. 



Mb-b - 19 304 + 304 X 7 -f ^' ^ ^ . 

= 21 481 = 21 481 000 pound-feet. 

The use of the moment diagram is now apparent. Reactions 
due to any position of the engines may be determined by dividing the 
span into the value obtained for the moment at the right end of the 
span. Likewise, if the moment of the reaction about any panel point 
is determined and from it the moment of the wheel loads about that 
same panel point are subtracted, then the result, divided by the 
height of the truss, will give the chord stress. For example, if the 
right end of an 8-panel 196-foot span truss, height 25 feet, came 7 
feet to the right of the vertical line 2, then the moment at this point 
(see Fig. 87) would be 21 481 000, and the reaction would be 
21 481 000 -4- 196 = 109 600. This position of the loads would 
cause the panel point L^ to come 3 feet to the right of wheel 13. The 
moment of the reaction about L« is 109 600 X 6 X 24.5 = 16 111 200; 
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and the chord stress UJL^ for this position of the engine is: 

16111200-8 304000 



25 



= -312 000 pounds. 



In using the engine to determine the shear in any particular 
panel, it must be remembered that the shear is not the left reaction 
less all the loads to the left of the panel point on the right of the 
section, as the loads in the panel under consideration are carried on 
stringers, and these stringers transfer a portion of the loads to the 




Pig. 87. Calculation of Mom<»nl at Point under C'nlforni Load. 

panel point on the left of the panel, and a portion to the panel point 
on the right of the panel. Only that portion of the loads in the panel 
which is transferred to the left panel jK)int should be subtracted from 
the reaction, as should all of the loads to the left of the panel under 
consideration. If, in a 6-panel 120-f(K)t sjKin Pratt truss, the wheel 
6 comes at L^, the left reaction will l)e: 

Ri = j/,y Ae 364 + 3 X 2.S4 4- --~V*''^j = ^^^'^\ 

and the loads in the first two panels will Ik? in position as indicated 
by Fig. 88, the wheel 3 being 1 foot to the right of point L^. Ixjt it 
be required to determine the shear in the panel IjJj^ when the loads 
are in this position. It will Ix; the reaction 143.G minus loads 1 and 
2 and also that portion of the loads 3, 4, and 5 which will Ix* trans- 
ferred by the stringers to the point Ly As the stringers are simple 
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l>rams, Uie aroount transferred to L, will 
be the reaction of the stringer L,L,. Re- 
ferring to Fig. 89, the reaetion is: 
ffj,, = {20 X a 4- 20 X 14 + 20 X 19) -:- 20 
- 42.0 
The shear in the second panel is now 
found to be: 

r, - 14;i.6 -(10 + 20 + 42.0) = +71,6 
In the majority of cases where it is 
nccessarj- to determine the .shear in a 
panel, none of the loads will be in the 
panel to the left of the one under consid- 
eration. In this case the operation is 
Romewhat simplified, as the engine diu- 
gram can Ik- used directly. If the engine 
Ik- ])la('ed ftt that the third wheel i.s at 
7,,, wheel If! will be just over the right 
.siipjmrt, and the left reaction will be: 
Hi = 12 041 -s- 120 - iOO.a. 

As there are no wheel loads in the first panel, the amount to be sul)- 
Iracted fntm the reaetion will Ik- that proportion of the loads 1 and 2 
which is transfemMl to I,,; and this (see Fig. W) is 230 h- 20 - 11.5. 
The shear in the second panel is then 100.3 - 11.5 = +S8.R. 

From ins|»ection of the resulting shear in the second panel when 
wheel 0- is at L^ and when wheel 3 is at /-,, it is seen that different 
wheels at Lj will give different shears in the [sinel to the left. Evi- 
dently there is some wheel which will give the greatest shear possible. 
The same is true of the relation between wheels and moments The 
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next two articles are devoted to subject-matter which will enable one 
to tell which of several wheels is the correct wheel at the point, without 
the necessity of solving for the shear each time every wheel is at the 
point. 

45. Position of Wheel Loads for Maximum Shear. By methods 
of differential calculus, it can be proved that, for any system, either 
of wheel loads or wheel loads followed by a uniform load (see Fig. 91 ), 
the correct wheel that should l)e at the ptmel point b in onler to 
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FIk. 90. Determination of Shear in Panel under Engine Load. 



give a very great or maximum shear in the panel a — h, is such a 

W ... W 

wheel that the nuantitv Q — — (i is positive when a == — 

(G + P) is negative. In these equations, 

W = Total load on the truss; 

7/1 = Number of panels in the truss; 

G = Load in panel under consideration: and 

P = Load at panel points on right of panel. 

If a load is directly over the p<anel point a, it is not to be included in 
the weight G; neither is P included in the weight O, If a wheel load 
should come directly over the right end of the truss, it should not Ix* 
considered in the (juantity JV. 

The onlv wav to determine which wheel is the correct one, is 
to try wheel 1, then wheel 2, and so on, until the wheel or wheels are 
reached that will give the Q and q signs of an opposite character. 
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The process should not l>e stopped there, hut the next succee<Hng 
wheels should be tried until Q and q again have the same sign. 

As an example, let it he recjuired to determine the jx)sition of the 
wheel loads to produce the maximum jxDsitive shears in a 0-panel 
12()-foot Pratt tniss. Tliis work should he arrangcnl in tabular t(>rm, 
and Table V is found to Ik* convenient. 

TABLE V 

Determination of Position of Wheel Loads for Maximum Shear 

(wi =-- 6) 
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A study of Table V shows the fact' 
that wheel 1 can never produce a maxi- 
mum. It also shows that there are in 
some cases two positions which will give 
large values of the moment. In these 
cases the shears for each position of the 
engines must be determined in order to 
tell which wheel at the panel point in 
reality gives the greatest. In practical 
work it is customary to use the first 
position found, as the difference in the 
^ears resulting from the use of the two 
positions is not lai^ enough to affect the 
final design. 

Fig. d2 shows the engine diagram 
on the truss in the correct position to 
give the maximum shear in tlie second 
panel. The weight of wheel 10 is not 
included in the weight W, as it is directly 
over the right support. 

46. Position of Wheel Loads for 
Maximum iVIoments. In this case thu 
methods of differential calculus iire em- 
ployed to determine which wheels will, if 
placed at a point, give a maximum mo- 
ment at that point. For any system, 
either of wheel loads or of whi-el loads 
followed by a uniform load, that wheel 



which will cause K -■ 



Wn 




- L to l>e positive, and A" 



{L + P) to be negative, is the wheel. Hen; n is the number of the 
panel under consideration, and is to Ix; reckoned from the left 
end; L = the load to the left of the point under consideration; 
and the remainder of the letters signify the same as they do hi 
Article 4.j. In some ca.scs there will Ik; more than one [msition 
of the loads which will satisfy the alx)ve condition. It is then 
necessary to work out the actual moments created by the loads 
in each position, in order to find out which is the largest. The 
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position of tlio loa<i.-i 
for the j^realest mo- 
ments shoulti l)e (if- 
tcrmined for all panti 
points except tho <ine 
on the extreme ri^ht, 
OS tile grpHtost moment 
possiMe mav Im* eansed 
by wheels of the rear 
engine being on the 
point on the right- 
hand side of the tniss, 
instead of the wiieels 
of the front engine tx;- 
ing at the correspond- 
ing point on the left- 
hand side. 

In general, it may 
be said that there will 
\ie a numlxT ()f wheels 
whieh, if plaeed at the 
panel pouit in the een- 
tcr of the span, will 
satisfy the given con- 
ditions. In this par- 
ticular case, it is not 
necessan" to <le termine 
all of the moments. 
'Ilie greatest moment 
possible will iH-<ur 
when that one of the 
heaviest wheels of the 
second locomotive 
which gives th<; heav- 
iest load upon the 
truss is at the point. 
In case several of the 
heavy wheels give the 



BRIDGE ENGINEERING 



83 



same maxtiniim load W, use the first wheel which gives this max- 
imum If'. 

Let it be re<iuired to determine the position of the wheel loads 
for maximum moments at the lower panel points of the &>panel 120- 
foot Pratt truss of Article 45. The necessary work can be con- 
veniently arranged in the form of a table, as is done in Table VI. 
TABLE VI 
Determiiutlofi of Position of Wheel Loads for Maximum Moments 



P.S.. 


Wkeri. 


^ 


Wn 
















Point 




m 














r. 


' 2 


in 


284 - C - 47.3 


?n 


30 






1-. 


:j 


■M 


292 -:- G = 48.7 


■^^ 


TiO 












4 


n 


rw2 -^ G = .10.;) 


■M 


70 


+ 






mum 


i-. 


5 


m 


;i02 4- 6 = o0.3 


2tl 


80 






wheel liaofl 


bridgP 


I. 


.5 


7(1 


(271^0)X2- 90.3 


?n 


90 






/,, 





<M 


(2H0-:-(l)X2= 9«.; 


V 


103 


+ 






mum 


i= 




im 




13 
13 


1 10 


- 


- 






I.. 


8 


iifi 


(271-0)X3 = 135.5 


129 










J., 


9 


I'lJ!! 


(284-^G)X3 = 142.t 


i:' 


142 


+ 








I'] 


10 


U'J 


(298^6) X3= mi .t 


i( 


I.i2 


+ 




gives a max 




/., 


11 


14',' 


(304^-0)X3=I51,:i 


21 


162 


+ 










12 


14/ 


(294-^G)X3 = 147.C 


2( 


102 










/., 


13 


I4'.> 


(2S4-r6)X3-142.C 


?l 


1C2 







lives a max 




i. 


14 


Ulj 


(274-6)X3 = 137.0 


20 


1C2 


- 


- 






t. 


11 


l.i? 


(271-^01x4-180.6 


■^n 


162 


+ 




Note wheel 18 not 






















'', 


12 


i-a 


(284-^6)Xl-189.■^ 


2(1 


1!t2 


+ 




gives A max 






13 


UfJ! 


(294-=-6)X4-19G.O 


211 


212 


+ 








i: 


14 


2V2 


(304^6)X4 = 202.6 


20 


232 




- 







One should carefully note that in certain positions, as when 
wheels 11, 12, 13, and 14 are at L,, some wheels are to the left of the 
left support ; that is, they are not upon the bridge. In all such cases 
they are counte<l neither in the cjuantity L nor in W. 

In the case of i,, wheel 11, being the first large driver of the 
second engine, will give the greatest moment, as it is the first driver 
to come at the point when the maximum load of 3()4 000 pounds is on 
the truss. Fig. 93 shows the engine diagram on the truss in correct 
position to give the maximum moment at point L^. 

47. F*ratt Truss under Engine Loads, In order to exemplify 
the use of the engine-load diagram, let it be required to detennine the 
1 in the Pratt truss of Article 45 due to E 40 loading, the 
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lifiglit l)ciiiti 2.") feet. 'i'lic 
scfant is (25'+ 2o')'-^2o- 
1.2S. 

T\\v maximum positive 
shears in tW various panels 
shouM first Ix- rompiitc*!. 
TIk'sc, written in n-verse or- 
tlcr, will I>e tiie maximum 
nepativc or minimum slicars. 
Table \ should now !«■ re- 
ferrwl to, and an outline (lia- 
ffram drawn to the sjinie scale 
as the engine u.sed, on which 
to place the eufjinc <haj(rani in 
the eorreet position, 'llie vari- 
ous values can theii Ix' n-uil 
off the diagmm at the ri<;ht- 
hand end of the truss. It will 
Ik- found convenient to lay off 
ti) scale the first ten feet of 
the lower cIiokI of the tniss 
from the rijiht support, mak- 
iufi th<- divisions one foot apart. 
This will enable one to ascer- 
tain the distance of the last 
wheel l<iad from the right .sujj- 
porf, or the amount of uni- 
fonn load ujxm the bridge, 
without scahng or furthcrctim- 
putation. Incase it isdesiiitl 
to have the wiieel luids appear 
on the lower chord, as in Fig. 
m, the outline of tlie tru.ss 
sliiiuld be (in triu-iug cloth or 
tran.siMin'iit jkiikt. This is not , 
to be advi.sed, however, as er- 
rors are likely to occur l)ecaiise 
of failure to distinguisli clearly 
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the various numerical values. It is far better to place the diagram 
as in Fig. 92, in which case the outline of both the truss and the dia- 
gram can he drawn on good stiff paper. 

For wheel 3 at jx)int L^ (see Articles 44 and 45), the left reaction 
is as follows, there being four feet of uniform load upon the truss: 

Ri = /^ 16 364 + 284 X 4 + -'^'^-~) h- 120 = 146.0; 

and the proportion of loads in the panel which is transferred to 
the point L^^ by the stringers is 230 -r- 20 = 11.5. The shear b 
therefore P\ = +146.0 — 11.5 -= +134.5. The computation for 
the shear when wheel 4 is at the jK)int, will not be made; for, as has 
been note<l before, the result will not l>e much different from the 
above. 

For wheel 3 at L^, wheel 10 comes over the right support. The 
left reaction is: 

R) = 12 041 :- 120- lOO.i; 

the proportional part of the loads which is transferred to L, is 11.5; 
and the shear is: 

1% - (. M00.3 - 11.")) - * SS.S. 

For whei^l 2 at L^, wheel 11 comes four (vvt fnmi the right sup- 
port. The left redaction is: 

Ri - {oHAS + 172 X 4 I : 120 - 54.5. 

That part of wheel 1 which is transferred to L^ is 80 -j- 20 = 4.0, 
and the sliear is thert^fore: 

y\ --■■- ( -f 54.5 - 4) = -^ 50.5. 

For wheel 2 at L^, wheel 9 comes over the right support. The 

left reaction is: 

^i -- :i 4<»0 -r 120 - 20.1. 

That part of wheel 1 which is tninsferrt^l to L^ is 4.0, and the shear 
is therefore: 

\\ = (-^21>.l - 4.0) - +25.1. 

For wheel 2 at L,, whcH'l 5 is live ftM»t from the right support, 
and the left n'uction is: 

A'l - (S.iO i \\{) X 5: : 120 10.7 

and the shear is: 

\\ - i -H 10.7 - l.Oi . r, 7. 



86 ' BRIDGE ENGINEERING 

If the dead panel load is 20 000 pounds, all the shears may now 
be written as follows: 



[)ead-Load V 


+ Live-Load V 


— Live-Load V 


\\ = +50.0 


+ 134.5 


± 0.0 


Fa = +30.0 


+ 88.8 


- 6.7 


F, = + 10.0 


+ 50.5 


-25.1 


V, 10.0 


+ 25.1 


-50.5 


\\ = -30.0 


+ 6.7 


-88.8 


1' = -50.0 


± 0.0 


-134.5 



A comparison of the shears in the thinl and fourth panels shows 
that counters are required. The stress in these counters is: 

L\L^ - U^L^ = +1.28 X (25.1 - 10.0) = +19.2 

As it is known that positive shears cause a compressive stress 
in LJJ^ and tensile stresses in the diagonals, and that negative 
shears produce compressive stresses in the intermediate posts, the 
left half of the bridge being considered, the web stresses for dead and 
live load can be determined without in all cases writing the stress 
equations in ortler to determine the sign. It should Ix^ remembered 
that one-thirtl of the dead panel load, or G 700 poujids, is applied at 
the panel points of the top chonl. 

Dead-Ijoad Stresifes in the Diagatiala — 

L„t^ = -1.2S X 50 - -64.0 
U,L^ - +1.28 X 30 - +38.4 
U^L^ = +1.28 X 10 = +12.8 

Dead-Load Stresses in the Verticals, For l/^Lj* ^^^ section 
passed will cut L\U2y U^L^, and //j^j, and the shear on this section 
will be 50 - 2 X 13.3 - 6.7 = +10.7. The stress equation is 
+ 16.7 + U^2 = 0, fn)m which f/^L, = -16.7. 

The dead-load stn\ss in UJL^ is found by passing a circular sec- 
tion around Uy Then —UJj^ — 6.7 =^^ 0, fn)m which U^L^ = — 6.7, 
In a similar manner, by passing a section around Lj, the stress is 
found to be + 13.3. 

Live-Load Stresses in the Diagonals — 

Maximum Minimum 

LoU^ « -1.28 X 134.5 = -172.2 

U^L^ = +1.28 X 88.8 = +113.6 -1.28 X 0.7 = -8.6 

r/aLj = +1.28 X 50.5 = + 64.7 

Live-Load Stresses in the ]'ertirals. The maximum stress hi 
U^L^ occurs when one of the large drivers is at L^, and the loads iu 
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the first paoel are as near as possible one-half the sum of the loads 
in panels 1 and 2 and the load at L,. This can be established as a 
fact by use of the differential calculus. In the present case, this con- 
dition is satisfied when wheel 4 is at L,. Then the weight of the 
wheels in panel 1 b 50000 pounds,and the sum total is 1 16 000 pounds. 
If wheel 13 be placed at Z,, the result will be the same, and then the 
engine diagram can be used. Fig. 94 represents the engine diagram 
in place, ready to use. According 
to Article 44, the value 480 is the 
moment of wheels 10 to 12 about 
L,. Therefore 480 -^ 20 (20 is 
the panel length) = 24.00, is that 
amount of whceb 10 to 12 which 
is transferred to L^. In like 
manner, 529 -h 20 = 26.45 is the 
amount of wheels 14 to 16 trans- 
ferred to L,. As the total weight 
of the loads in the two panels is 
116000 pounds, the amount 
transferred to L^ must be 116.0 
- (24.00 + 26.45) = 65.55, and 
the stress in (/,L, is therefore 
+65.55. 

The maximum live-load stress 
in i,(/, occurs when the loading 
is in a position to give the maxi- 
mum shear in the third panel, as 

the shear at a section cutting U,U^, U^L^, antl Z,Z,, is the same as 
that at a vertical section in the panel. The stress equation is +U^j 
+ 50.5 = 0, from which f^j = — .jO.S. In a similar manner, the 
stress equation for the maximum live-load stress in UJj^ is + UJL^ 
+ 25.1 = 0, as [7^, is working, and therefore l',Lg = —25.1. As in 
the case of the analysis of the Pratt truss under uniform load (see 
Article 39), the dead-load stress of —6,7 cannot be added to this 
stre.-a of —25.1 to obtain the muximum; but the dead-load stress in 
UfLj must be obtained when diagonals t ,/', and V^L^ are in action. 
In the manner explained in Article 39, this is found to l)e + 3,30. 

It will be found that as the engines come on the bridge from the 
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left, the counters come into action in the case of U^L^', and in the 
case of U^j^y both f ^2^-'s ^"^' ^'3^ a ^c^» ^^^^ causing the live-load stress 
in these verticals to be zero; and when this is the case, the dead-load 
stress is — 6.7, which is the minimum. 

Dead-Load Chord Stresses. The dead-load chord stresses can 
be found by any of the methods previously given; but they will \)c 
found by the tangent method as indicated l)elow, the tangent being 
20 -^ 25 = 0.8: 

LoL, = +0.8 X 50 = +40.0 = LJj^ 

r/^f;^ = -(50 + 30) X 0.8 = -64.0 

^2^-3 = -('>0 + 30 + 10) y 0.8 = -72.0 

L2L3 = -f/,r, = -(-64.0) = +64.0 

Live-Load Chord Stresses. On account of the wheel loading, no 
ratio can be established between these stresses and the dead-load 
chord stresses. The maximum moments at each point must be 
determined, and these divided by the height of the truss will give the 
chord stresses. For all points to the left of the center of the bridge, 
the main diagonal will act. For points to the right of the center, an 
uncertainty exists. The shear in the panels on either side of the 
point under consideration should be determined when the loading is 
in |)osition to give the maximum moment at that point. This will 
indicate which diagonals act, which fact will, indicate for what chord 
meml)er that point is the center of moments. 

^^^len wheel 3 is at Lj, four feet of uniform load are on the truss, 
and the left reaction is: 

/?! - (16 364 + 384 X 4 + '^'-^^ ) ^ 120 = 146.0. 

The moment of this reaction about Xp less the moment of wheels 1 
and 2 about Zfj, will be the moment at L^ due to this loading. The 
moment of wheels 1 and 2 about X, is taken from the diagram, where 
it occurs in the first line of values just to the right of the vertical line 
through wheel 3, and therefore: 

M, = 140.0 X 20 - 230 - 2 690 000 pound-feet. 
When wh(»el 4 is at Lj, there are nine feet of uniform load on 
the truss, and the left reaction is: 

/?, =-- (10 364 + 284 X 9 ■^- *'' ^| ' ) -:- 120 - 158.0; 

and in this case, 

i»f, -^ 158,0 X 20 - 480 - 2 6S0 000 pound-feet. 
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As this is less than when wheel 3 is at the point, wheel 3 gives the 
greatest moment. 

When considering the point L, with wheel 6, the left reaction is: 

Ri « (16 364 + 284 X 3 + ?^— ) ^ 120 - 143.5 

Af, « 143.5 X 2 X 20 - 1 640 
- 4 100 000 pound-feet. 

The conditions at L, indicate that there are several wheek which 
give large moments; but according to Article 46, wheel 11 gives the 
maximum moment. When this wheel is at L^, wheel 1 is off the 
truss, and 15 feet of uniform load are on the truss. The moment of 

5* X 2 
all the loads about the right support is 19 304 + 304 X 6 + — - — 

= 20 849, from which should be subtracted the moment of wheel 1 
about the right support. This moment of wheel 1 is 10 X 124 = 
1 240, and the moment about L^ of all loads on the truss b 20 849 
- 1 240 - 19 609. The left reaction is: 

Ri « 19 609 ^ 120 = 163.4 
ilf, - 163.4 X 3 X 20 - (5 848 - 10 X 64) 
- 4 596 000 pound-feet. 

In the case of L^, the reactions and the moments for the two 
positions are : 

For wheel 12, i^i =- 16 364 ^ 120 = 136.4 

M^ = 136.4 X 4 X 20 - 6 708 
= 4 204 000 pound-feet. 

For wheel 13, /?i = (16 364 + 5 X 284 + ^-^) -5- 120 = 148.4 

M^ = 148.4 X 4 X 20 - 7 668 
= 4 204 000 pound-feet, 

which shows that each wheel gives the same moment, and also that 
the moment is greater than that at L^, the corresponding point on the 
left-hand side of the center of the truss. As L, is the center of 
moments of UJI^, then, if the center of moments for UJJ^ falk at 
L^ (that is, if LJJ^ acts), the stress in UJJ^ will be greater than the 
stress in UJJ^ when wheel 6 is at Ly Of course, if the engine came 
on the truss fn)m the left, UJJ2 would receive the same stress that 
U^U^ now receives. According to the shears, L^l\ always acts, and 
therefore the center of moments for UJJ^ does fall at L^, 
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+ + 



'I'hc various moments are written 
in order, as such action will facili- 
tate the remainder of the computa- 
tions. 

M, = 2 O'JO 
W, = 4 100 
-U, = 4 5'JG 
' .W, = 4 204 

The chord stresses are now found 
to be: 

2 690 



i-oti 



L,L,- 



+ - 



- = + 107.5 



u,u, = 



4 lOO 



- 104.(1 



2.1' 



23 = 
+ + 



i 'il : 
in 



1 3fi^, Is 
i I 7 I'l 1 






/-,L, (',t.'( = - ( - lfW.2) = + l(is.2 

When the load comes on from the 
left, the stresses in (.'jt", and L^L^ 
will be — 1(>S.2 and +lliX.2 resjHK:- 
tively, which are the maximum Hvc- 
load stresses for these meinl)crs. 

Instead of placing; the values of 
the stresses on a truss outline, they 
an.> sometimes put in tabular form, 
as in Table VII. 

4;-i. Impact Stresses, When sin 
en^ne is at n-st on a bridge, the 
stresses in the hu'IiiImts are the 
same as those euniiiutiil for that 
loading. When tlic loads move 
aen>ss the bridge at any si)eed, the 
vibrations an<l the shocks produced 
hy the counterweights in tiie drivers 
and by other canses creati- sto'sscs 
1=3 in the various nieinWrs in e.xwss 
I S = of those i-omputed hy aid of the 
I g j= I engine diagram. The excess stresses 
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are designated as impact stresses. This term, however, is mislead- 
ing to a certain extent, as causes other than the impact or pounding 
of the engine wheels help to produce the stresses referred to. 

It is a well-known fact capable of mathematical demonstration, 
that a load, if suddenly applied, will produce a stress equal to twice 
that which it will produce as a static load; also, that as the ratio of 
the weight of the load to the weight of the structure increases, the 
vibrations produced by the impact will be less. These two facts are 
the basis of most of the empirical formuhe for impact stresses; and 
empirical formuhe are used to obtain these stresses, as the existing 
conditions and producing causes art* not such as to make them sus- 
ceptible of mathematical trt»atnient. The rt»sult of experiments 
on actual bridges under the effect of passing engines and trains, have 
been the basis of manv formuhe. One of these is: 

where / ^-- liniKict stri»s.s in the mt'inher; 

S = Live-load strest; in the member caused by the engine 

U)iul when at rest; 
I, -= Length of that part of the bridge wliich is loaded when 
the stress iS' is pn^duced; and 
'M){) ■-■- A constant value derived from experiments. 

This formula was pn)poscHl by C. C. Schneider in 1887, and is 
given in the '^Transactions" of the American Society of Civil En- 
gineers, Vol. 34, piige 331. While it does not take into considera- 
tion the relative weights of the bridge and the live-load loads, this 
formula does make allowance for the time it takes to produce the 
stress, by intnxlucing L, the distance over which the engine passes 
l)efore causing the strt*ss S. It is seen that the smaller the distance L, 
the gn»ater will Ik* the imjKict strt»ss for any given value of S. Wlien 
L becomes exceedingly small, the effect would 1k' that of a suddenly 
applied load, and the impact stress would e(iual the stress S. Table 

VIII gives the values of , .. - , which is called the impact co- 
efficient, for different values of L, Values not given may be inter- 
polated. 

For example, by consulting Fig. 92, which gives the position of 
the engines for the maximinu live-load stress in VJL^y it is seen that 
93 feet (the distance from wheel 1 to the right support) is the loaded 
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5 
6 
7 

8 

9 

10 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



21 
22 
23 
24 
25 
26 
27 
28 
2ft 
30 



ITABLE VIII 
Values of the Impact Coefficient 



300 
L + 300 



0.984 
0.980 
0.977 
0.974 
0.971 
0.968 

0.965 
0.962 
0.958 
0.955 
0.952 
. 949 
0.946 
0.943 
0.940 
0.937 



0.935 
. 932 
. 929 
. 926 
. 923 
. 920 
0.917 
0.915 
0.912 
0.909 




300 



L-h300 



0.906 
0.904 
0.901 
0.898 
0.896 
. 893 
. 890 
0.888 
. 885 
0.882 

0.880 
0.877 
0.875 
0.872 
0.870 
0.807 
0.865 
0.862 
0.860 
0.857 



57 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



I i 






0.855 
. 852 
. 850 
O.S47 
. 845 
0.843 



Ilr 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 

82 



_300 
L + 306 



0.840 
. 838 
. 836 
0.833 



0.831 
. 829 
0.820 
0.824 
. 822 
. S20 
0.817 
0.815 
0.813 
0.811 



300 



L-h300 



. 809 
0.806 
0.804 
0.802 
0.800 
0.798 
. 790 
. 794 
. 792 
. 7S9 

0.787 
. 7S5 



83 

84 
85 
80 
87 
88 
89 
90 



91 
92 
93 

1 1 94 
95 
90 

' 97 I 
98 
99 

100 

I 

'■105 
,110 

J'll5 
120 
125 
130 
135 

140 

ii 



0.783 
0.781 
0.779 
0.777 
0.775 
0.773 
0.771 
0.769 



r 300 
I L + 300 



145 
150 



0.767 
0.705 
. 703 
0.761 
0.759 
0.758 
. 756 
. 754 
. 752 
0.750 



0.741 ; 
0.732 
0.725 I 
0.714 
0.706 
. 698 
0.690 
0.682 



■ 400 

! 5CK) 

600 



0.674 
0.667 



155 


. 059 


160 


. 052 


105 


0.045 


170 


. 038 


175 


. 032 


180 


. 025 


185 


0.019 


190 


0.012 


195 


0.006 


200 


0.000 


210 


0.588 


220 


0.577 


230 


0.506 


240 


0.556 


250 


0.546 


200 


. 536 


270 


. 526 


280 


0.517 


290 


. 508 


300 


0.500 



. 429 
0.375 
0.333 



length. From Table VII, it is seen that the stress in U^L^ produced 
by this loading is + 118.6; and fn)m Table VIIL the impact coefficient 
for 93 feet is found to be 0.763. The imjmct stress is now computed : 

/ = 0.763 X 118.6 - +90.6. 

The maximum stn»ss in U^L^ is now: 

Dead-load - f 38.4 
Live-load - +118.6 
Impact - + 90.0 



Maximum = -^247.0 

Table IX gives the necessjirv information for computing the 
impact stress(\s, and also gives the impact strt^sses corresponding to 
the maximum live-load stresses in ^he meml)ers of the truss of Article 
47. 
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TABLE IX 
Impact Stresses In a Pratt Truss 


Meiibisr 


s 

-172.2 

+ 65.6 

- 50.5 

- 25.1 


L 


300 


/ Ri:WARKB 


L+ 300 


LoU, 


113 


0.727 

. 890 
0.815 
0.862 


— 125 .2 4 ft. of uniform load on truss 




37 

68 
48 


+ 58.4 ' See succeeding text. 

- 41 .3 1 Same as for U^L^ 

- 21.6 Same as for l\L^ 




+ 118.6 
+ 64.7 
+ 32.0 


93 
68 

48 


. 763 
0.815 
0.862 


+ 90.6 Wheel 16 at L, 

+ 52.7 , Wheel 11 is 4 ft. from L, 

+ 27.6 Wheel 9 at L^. 


U,U, 


-168.2 

-183.8 


114 
114 


0.724 
0.724 


— 121 8 i Wheel 13 at L^. 

( 5 ft. of uniform load on bridge. 
,Qo 9 j 15 ft. of uniform load on bridge. 
-166.Z <^ Wheel 1 off bridge. 


L,L, 


+ 107.5 
+ 168.2 


113 
114 


0.727 
. 724 


+ 78.2 Same loading as for L„t^, 
+ 121 .8 Same loading as for U^U^ 



In the case of L\L^y it should be noted that only the wheels 10 to 
16 inclusive cause the strt»ss (see Fig. 94), and that the loaded 
length is the distance from wheel 10 to wheel 16. 

Some specifications do not call for impact stresses. The unit- 
stresses in these specifications are made low, and the sections designed 
are large enough to withstand the additional stresses due to impact. 
In cases where the impact stn^sses are required, they must be con- 
sidered in computing the maximum and minimum stresses. 

49. Snow-Load Stresses. In some localities the snowfall is 
considerable, and its weight should l)e taken into account in com- 
puting stresses. This should l)e done by considering it as an addi- 
tional dead load of 15 jx^uiuls jxt scpiare fcK)t of floor surface for every 
foot of snowfall. As it covers the entire floor surface, the stresses 
ynW be proj)ortional to the dead-load .stressc\s. Also it is evident that 
the snow load should not \)v taken into account in railroad bridges 
unless they have solid floors, as most of it falls through the open 
spaces between tirs and stringers. 

As an exam;)le, let it Ix.* re(juire<l to determine the snow-load 
stresses in a member of a highway bridge, the dead-load stress in the 
member being -1-S4.0, title dead panel load being 12 000 pounds, and 
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the snow beui^ 1\ feet deep on tlie roadway, which is 14 feet wide. 
The snow panel load is: 

-^ (14 X 15 X J} X 20) = 3 ir>() pounds. 

In the above equation, 14 is the width of roadway; 15 is the weight 
in pounds of one s({uare foot of snow ouv foot deep; and 20 is the 
length of one panel. One-half of the weight of snow must he taken, 
as half is carried bv each tniss. I'he snow-load stix*ss is then: 

12 000 ^' ^ 

In like manner, all snow-load stresses can 1h' computed. 

Most of the standanl specifications which have lx*en published 
do not specify snow loads; and in fact it is not customary to include 
the snow load in any designs (»xcept those for l)ridgcs in extn*me 
northern latitudes. It is hanlly pn)bable that the greatest load will 
come u{K)n a country bridge when it is covennl with snow. Also, 
in cities, the sidewalks are cleaned of snow; and so is the roadway 
if the city is of large size. 

WIND-LOAD EFFECTS 

50. Top Lateral System Through-Bridges. The unit-loads for 
this system are given in Artitjle 2(). Common practice is to take 
150 pounds per linear foot of top chonl, the end-|X)st iK'ing con- 
sidertvl }mrt of the top chord in this computation. 

In many of the longer-span mcKlern bridges, the diagonals of 
this system an* designc^d to take cither tension or comprt^ssion ; but in 
the majority of the shorter spans, 200 feet and under, while generally 
consisting of angles or other stiff shajx\s, they arc designed to take 
ten.sion only. The verticals or top lateral struts take* compn^ssion. 
This combination of tension diagonals and cfjmpression verticals 
makes the so-callt^l Pratt sijatem of urhbimj: and inilc(Hl the lateral 
systems. l)oth top and lx)ttoin, are Pratt trusses in a horizontal |X)si- 
tion. Fig. 05 shows the side elevation of the truss of Articl(» 47, and 
also the top and bottom laterals. The diagonals shown in full lines 
act when the wind is right, and those shown by dotted lines act 
when the wind is Irft Wind right irulicatf^s that the wind is blow- 
ing from the right hand when a person stands facing the righ ?nd of 
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the bridge. Wind left indicates that 
the wind blows from a person's left 
when standing as above described. 

The wind load of 150 pounds is di- 
vided between the two trusses, this 
being exact enough for practical pur- 
poses; for, by actual experiment, the 
difference between the readings of 
wind-pressure gauges placed at points 
opposite each other in the top chords 
of a through-bridge was only from 8 to 
10 percent. 

The problem, then, is one of a deck 
Pratt truss with a dead panel load of 
150 X 20 = 3.0 divided between the 
two chonls. Fig. 96 shows the distri- 
bution of loads and the reaction, it 
Ixung considered that the portal brac- 
ings and the end-{X)sts (see Fig. 95) 
are stiff enough to distribute the 
reaction equally between the bearing 
points Ljj, LJ, L^, L/. Each panel 
load Is indicated by an arrow, and 
is equal to 3.0 ^ 2 = 1.5. The re- 
action at each of the points L,„ I^,/, 
Lfi, and L/ is 10 X 1.5 -h 4 == 3.75. 
The truss being symmetrical, the 
stresses in like meml)ers on each side 
of the center will Ik? the same. The 
shears in the top system are: 

\\ = -f 2 X 3.75 - 2 X 1.5 = +4.5 
Fa-. = +2 X 3.75 - 3 X 1.5 = +3.0 
]', = +2 X 3.75 - 4 X 1.5 = +1.5 

and the secant 6^ is (17' + 20= )* + 17 
= 1.544. The stresses in the diag- 
onals are: 

U,*U., = +1..544 X 4.5 = +6.95 
U^'L\ = +1.544 X 1.5 « +2.32. 
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The vertical U^U^ = —3.0; and by passing a section 6 — 6 around 
I7g', the stress in U^V^ is found to Ix* — 1.5. 

In obtaining the clionl stn\ss(\s in this system, the case is the 
same as if the reactions wert» applitMl at f'/and f7/, as the portal and 
end-posts are not in the samt* plane as the lateral system. The tan- 
gent method is the simplest to use in this case. The tangent is 
20 -f- 17 = 1.176, and the stresses (s(*e Fig. 05) are: 

C7/fV - - 4.5 X 1.1 70 - -5.29 
r/a'rV =-- -(4.5 H- 1.5) X 1.170 - -7.06 
L\V:, = 
L^L'', - -r/LV = +5.29 

Fig. 97 is a diagram with the stresses caused by wind right and 
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Pig. 97. Wind Stress Diagram of Pratt Truss of Fig. 95. 
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wind left indicated thereon. The stresses for wind left can easily 
be written by inspection. 

51. Bottom Lateral Bracing, Through-Bridges. Fig. 95 shows 
the lower lateral system with the panel points loaded with the fixed 
or dead wind load. In this case it is all taken as acting on one side, 
it being assumed that the floor system protects the leeward truss. 
The problem then l)ecomes that of determining the stresses in a deck 
Pratt truss of (> pimels of 20 fwt each, the height being 17 fe(*t. When 
wind is ritjhiy the memlK^rs shown by broken lines in Fig. 95 do not act. 

The fixed wind load (Article 2()) is 150 j)ounds per linear foot of 

chord. The panel load will bc» the same as before, 3.0, but all will 

be on one chord. The shears aR*: 

V, • = 2V V 3.0 = +7.5 

W% ■= +7.5 

V'a - +7.5 - 3.0 = +4.5 

V'b-b = +4.5 

F, - +7.5 - 2 X3.0 - +1.6 
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The secant being 1.544, as previously computed, the web 
stresses are: 

Lo'L, = +7.5 X 1.544 = +11.60 L.'L^ = -7.5 
L,*L^ = +4.5 X 1.544 = + 6.95 L^'L^ = -4.6 
L/L3 = +1.5 X 1.544 = + 2.32 L^'L^ = -3.0 

The stress in L^^L^ is determined by passing j**ction c — c and 
resolving the vertical forces at L^' (see Fig. 95). 

By using the tangent method, the chord stresses are computed 
as follows: 

L./L/ = -7.5 X 1.176 = -8.82 

L/L/ - -(7.5 + 4.5) X 1.17fT= -14.12 

L//V = - (7.5 + 4.5 + 1.5^ X 1.176 = -15.88 

L,Lj = -/..//>,' - -(-8.82) = +S.S2 

LJ.^ =•- -WW = -(-14.12) = +14.12 

The wind load acting on the train is 45() pounds jx*r linear foot. 
It is evident that the train may cover the span either partially or 
entirely, and therefore its action on the lower lateral svstem is the 
same as if it were stres.sed by a live load of 450 [)oun(ls per linear foot 
of truss. 

The live panel load is 450 X 20 = 9.0. The maximum live- 
load reaction is 5 X 9.0 + 2 = 22.5, and the positive live-load shears 
are: 

V'l = +22.5 

V, = (1 + 2 + 3 + 4) ?;^- = + 15.0 

6 

1% - (I '-2 + 3)?;-^-= +9.0 

o 

It is unnecessary to go further than the center, as only the maximum 
stresses are recjuin.»d in ihv meml)ers. '^Fhe web stn»sses art* com- 
puted as given below: 

L/L, - +22.5 X 1.5M - +34.75 L/L, - -22.5 
WL. - +15.0 X 1.544 - +2:^.15 L,/L, - -15.0 
L/L3 - + 9.0 X 1.544 = +i:^.Ol WlI = - 9.0 

The maximum chord stresses due to this load of 450 pounds per 

linear foot of train, occur when the train covers the entire spsm; and 

they are directly pmportional to the stresses produc;ed by tlie fixed 

load, in the same ratio as the live panel load is to the fixed panel load 

9.0 
This ratio is ^ = 3.0. The chord stresses, therefore, are: 
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to't, 


" - 8,82 X 3 - 


2G.46 




wr-. 


14.12 X 3 = 


42.36 




Wl, 


15.88 X 3 - 


47.64 




/.,/., 


- + 8.82 X 3 - 



Table X, Article 53, 
gives the stresses in the 
top and bottom lateral 
systems for wind right 
and wind left. 

52. Overturning Ef- 
fect of Wind on Truss. 
\Mien the wind blows on 
the top chord, it tends to 
overturn the truss. As 
the truss is held down by 
its own weight, the action 
of the wind does not 
overturn it, but causes 
the dead-load reaction on 
llie windward side to be 
les.s and that on the lee- 
ward side to increase by 
B like amount. The 

amount b± F = " 
k 



, where 2uj = 



2 
the sum 



of all the wind panel 
loads, k = the height of 
the truss, and b = the 
distance center to center 
of trusses. The effect 
upon the leeward truss is 
the same as if two ver- 
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tical loads, each equal to V and acting downward, were placed at the 
hips t/j and U^ (see Fig. 98). The effect on the windward truss is 
the same as if two vertical loads, each equal to V and acting upward, 
were placed at the hips U/ and U^\ 

Tlie stresses in the leeward truss will now be worked out. The 
stresses in the windward truss are the sjimc, but with op{K)site signs. 

The truss is that of Article 47. Ilert* V = - - ^— - 



25 



X ^^ = 11 000. 
1 / 



Fig. 9^) shows the truss with the loads in the yorrect |x>sitioii, the 




Fig. 00. Truss under AVlnd Loads. 

reactions each being 11.00. V^= +11.00, and 7^ = +11.00- 
11.00 = 0. The shears in the 2d, 3d, 4th, and 5th panels are also 
zero. As the shear in these panels is zero, the stress in the diagonals 
and vertical posts is zero X secant <!> — zero. The strt^ss in the hip 
verticals U^L^ and I/jLj is zero, as there are no loads at L^ and Lg. 
The stress in the end-post is - 11 .00 X 1 .28 = - 14.08. Taking 
the center of moments at L\y the stress ecjuation of L„Lj = L^L^ is: 
-L,L^ X 25 + 11.00 X 20 - 0; whence L,L,^ = +8.8. The stress 
in all the lower chord members will Ih^ found to be + 8.S. By 
summing the horizontal forces at the section a — «, noting that, as 
f/jLj is zero, its component is also zen), there rt»sults: +/^,/^2 + ^'\^^2 
= 0; whence U^^ = -I^A =- - ( + 8-80) = -8.80. This is also 
the stress in all memlwrs of the top chord. 

It is now seen that the overturning effect of the wind on the 
truss causes stresses only in the end-]x>sts unci chorils. The wind on 
the lower chord causes no overturning effect, as it is transferred 
directly to the abutments. 

53. Overturning Effect of Wind on Train. The wind blowing 
upon the train tends to overturn it, and in so doing the pressure on 
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the leeward stringer is increased and that on the windward stringer 
decreased by the same am(nnit. This difference in pressures is 
transferred to the floor-l)eam and then to the panel points (see Fig. 
100), where its value is: 



± L 




floor &«am 



Fig. 100. Illustrating Overturning Effect of 
Wind on Train. 



W X (8.5 + a) 
.^ , 

where W = Panel load due to wind 

on train; 
8.5= A constant established 
by the Specifications 
(see Article 26. p. 1 5) ; 
a = Distance from base of 
rail to center line of 
lower chord. It may 
be taken as 3 feet in 
most ca.»«es, as this is 
approximately the 
usual depth of floor"). 
h — Distance center to cen- 
ter of trusses. 

For the case in hand, W = 20 
X 450 = 9 000. Tliercfore, 

L -- ^ .;; — — — i. ti 090 pounds. 

The action of the wind hi tending to overturn the train is the 
same as if the tniss wert^ under a live panel loading of L, the panel 
load L acting upward on the windward and downward on the leeward 
truss. 

The chord strcssi\s due to thi.s will be pn)jH)rtional to the dead- 
load stn^sse.s in the .same ratio as this panel load L is to the dead panel 

6090 
load. For the truss of Article 47, this ratio is ' = 0.303, and 

Zi) 000 

the chord stresses cau-sed by the ov(Ttuniing eifect of the wind on the 

train (see Table VII) are: 

Ujr., = -64.0 X 0.:U)3 - -10.39 

UJl] = -72.0 X 0.3.)3 = -LM..S2 

L,,/., = L,L, == +40.0 y 0.30:< = +12.12 

LXj = +64.0 X 0.303 = + ll).3l) 

The stn\ss in f-^'i ^^ +<>-09, the panel load at L^. 

The maximum positive shears are: 

r» m 
6 



V, 



(1+2+344- 5) = +15.22 
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6.09 
6 

6.09 
6 

6.09 
6 



(1 + 2 + 3 + 4) = +10.15 
(1 + 2 + 3) « +6.09 
(1 + 2) = + 3.0.5 



and the maximum web stresses are found to be: 

Lot/', - -15.22 X 1.28 = -19.50 

C/'jLj = +10.15 X 1.28 = +13.00 

UJL^ = + 6.09 X 1.28 = + 7.80 

U^^ = + 3.05 X 1.28 = + .3.91 

UJL, - - 6.09 
r7,L, = - 3.05 

It is unnecessary to compute the shears further than one panel past 
the middle of the span, as only the maximum stresses are usually 
required. 

The wind stresses from various causes are grouped together and 
given in Table X. 

From Table X it is seen that large wind stresses occur in some 
of the members. Most sjx^cifications retiuiiv that the stn\sses due to 
wind shall be neglectt»d in the design unless they exceed 25 per cent 
of the sum of the dead-load and live-load strt\sses. 

The subject of wind stress(\s dot^s not ordinarily rt»ceive the con- 
nderation it should have; in fact, it apj)ears to be common practice, 
in the case of spans up to 200 feet, to neglect the action of the wind in 
all members of the bridge except the top and bottom lateral diagonals, 

the top struts, the portal, and the bending 
effect in the end-post. For the last two 
effects mentioned, see the next succeeding 
article. 

54. Portals and Sway Bracing. One- 
half of the wind on the top chord is trans- 
ferred to the hips U/U^ and U^'U^. From 
there it is carried to the abutments bv 
means of the portal bracing and the end- 
posts. Various styles of portal bracing an* 
in use, but few are so easily analyzed and 
constructed as that of Fig. 101. This form 




Fig. 101. style of Portal 
racing in Common Use on 



Brae; 

Spans up to 260 Feet. 
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TABLE X 


Wind Stresses In Pratt Truss 




WEB MEMBERS 






OvERTDRXlNa 




LMt 


c;,L, r,L, c;,L, 


t/.L. 


U,L, 


U,L, 


Wind Rijrht 






1 

1 






on Truss -14.08 





o; 


on Train -19.50 


-13.00 +7. SO, +3.91 


+ 6.09 -6.09i -3.05 


Wind Loft \ 


1 
1 








on Truss -1-14.08 i 


0, 








on Train +19.50 


-13.00 i 




7.80 -3.91 


-6.09 


+ 6.09 


+ 3.05 


Maximum i 


1 


1 






+ Stress 




+ 33. 


5^ 


+ 13.00 

1 


+ 7.80 +3.91 


+ 6 


.09 


+ 6.09 


+ 3.05 


Maximum 












- Stress 


-33.58 


-13.00 -7.80 - 

1 


3.91 


-6.09 


-6.09 


-3.05 




CHORDS 






Member 




LrL, 


L.L, 


U,U^ 


UtU. 


Direct 


1 








Wind Right 


+ 8.82 


+ 14.12 





+ 6.29 




+26.46 1 +42.36 






W^ind Left 


- 8.82 


-14.12 -15.881 


- 6.29 


- 7.06 




-26.46 


-42.36 -47.64 




Overturning Truss 




1 




Wind Right 
Wind Left 


+ 8.80 


+ 8.80 + 8.80 - 8.80 


- 8.80 


- 8.80 


- 8.80 - 8.80 + 8.80 


+ 8.80 


Overturning Train 








Wind Right 


+ 12.12 


+ 12.12 +19.39i -19.39 


-21.82 


Wind Left 


-12.12 


-12.12 -19. 39^ 


+ 19.39 


+ 21.82 


Maximum 




1 


1 




+ Stress 


+ 20.92 


+ 


56.20 1 +84.67 ! +28.19 


+ 35.91 


Maximum 












— Stress 





-56.20 

1 




77.40 


-91.71 


-33.48 


-37.68 




LATERAL SYSTEMS 


Mf.mrer 




U,'U, 


V, 


'r/a 


1%X 


r 

9 


U,'U, 


WL, 


L/L. 


L.'L, 


Wind Right 


















on Truss 


-HO. 95 


+ : 


2.32 -3.0 


-1.6 


+ 11. 6C 


+ 6.95 


+ 2.32 


on Train 












+ 34.75 


+ 23.15 


+ 13.91 


Wind Left 


















on Truss 







-3.0 


-1.5 











on Train 





















Maximum 


+ 6.95 


+ 1 


2.32 -3.0 

1 


-1.5 


+ 46.35 


+ 30.10 


+ 16.23 



Tho Ktresses in L,' L^, /..,'Z., and Z.3'/.- are not given in the above table. Ihesc 
members are the floor- beams, and the small stress due to wind Is neglected In their 
design. 
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of portal is at present being used almost univrrsiilly on all spans up 
to 250 feet. 

Let it l)e required to analyze a jx)rtal of this form, all the dis- 
tances being as indicated in Fig. 101 ; and let : 



Then, 
and, 



w = Wind panel loail of upper chord; 
in' == N limber of panels in upper chord; 

P =1 {^m' - 1) ?/•; 



F = *■[ C/" -h w) + w l^^-; 



also, 



The stress in 7?C, the center of moments IxMng at 1), is: 

»Sbc ™ — ^- -- - 1/ + tr) • //.. — >. 

(I i o \ 

The stress in AB, the center of moments Ixnng at E, is: 

Sin = H = + M' + III 

a a 

For the stn\ss in BD^ the center of moments is taken at C, and 
the perpendicular distance c to BIJ is detennined. The stress in 
BD, then, is: 



The stress in BE is: 



" c 



She ^- - II, -'' 

c 



It must Ix* remeinlx^red that h^ is not the height of the truss, 
but is the length of the end-{X)st frmn L^ to Tj. 

For the truss of Article 47, \r = 1.."); w' = 4; and P = 4.5. 
The value h^ == (20=^ + 25=)' - 32.0 feet. The distance a must bt* 
so chosen that BD will not interfere with engines or other traffic 
which passes through the bridge. It will Iw assumed as 5 feet in 

this case. Then V = (4.5 + 1.5 + 1.5) ^l = 14.08; and H, = if, 

1 / 

== — = o./o; whence, 

/Sbc = - (e.O + 3.75 X -^^\ - - 26.26 
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5ab = 1.5 4- 3.75 X -^ = +21.75 

5 



-V 



The distance BD = VBC" + CD^ = Vs.s' + 5.0* = 9.85. 
Then, from similar triangles DCB and DFC, is obtained the 
proportion: 

CD BD ' 



c = 


5 X 8.5 
9.85 


= 


4. 


3 feet 


; and 




*Sbd = 


+ 3.75 


X 


32 
4 




.3 ^ 


+ 27. 


90 


5bi = 


-3.75 


X 


32 
4 


.0 

.3 ^ 


-27 


.90 



WTien the wind blows from the other side, the stresses in the 
diagonals are reversed, and those in the top are transposed. The 
members shown by broken Unes take no stress. When the wind 
blows, the end-posts tend to bend as shown in Fig. 102. This is with- 





?.'^<7J 



./..■■/ 



Fig. 102. lUuRtratlng Tendency 
of End- Posts to Bend under 
wind Load. 



Fipr. 108. Bending Tendency 

when End-Posts are Fixed 

at Lower End. 



stood by the cross-section of the post at the {)oints E and D, The 
bending moment caused at these points l)y the wind is 11^ X / and 
H^ X /. For the truss under consideration, 

3/d = A/e = 3.75 X 27 X 12 = 1 215 000 lb. -ins. 

If the posts are fixed at the lower end, then they will tend to 
bend as shown in Fig. 103, the post resisting the bending at two 
points D and d. The section at each point withstands in this case 
only half of the moment just computed, or 1 215 000 -r- 2 = 607 500 
Ib.-ins. A further discussion of this will be given in Part II, on 
"Bridge Design." 
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Various forms of sway bracing are used to connect the inter- 
mediate {K)sts and thus stiffen the cross-section of the briilge at those 
points. The form of portal just given is often used, as is also the 
form shown in Fig. 104. Here // is the height of the truss. The 
braces BI) are called knee-ltracof. Here ?/' is the wind panel load of 

the top chord, and 




F' = * —/- 



'2wh 
b 



Sbc= -(wa + Hj) -T- a 

a 






-^ (w + Hi — ) 
a 



h_ 
c 

h_ 
c 



The stress in B'B is the direct 
comprt\ssion due to wind right or 



♦ V* -V' 

Pig. 104. A Tyi»e of Portal and Sway left, and differs ill acconlance 

Bracing in I<^equeiit Use. •.! .1 'x* r ^\ j. ^ x 

With the position of the top strut. 
There is also a bending moment at B' and B, which is: 



Jl/„, - A/b = -r'(7 -f H.J}, 

The bending moment at D and D' is equal to HJ or HJl -r- 2, 
according to w^hether or not the lower ends of the posts arc fixed. 

The determination of the stresses for the truss of Article 47 is 
left to the student. 

When the wind is from the other side of the truss, the signs of 
the stresses in the knee-braces and the meml)ers C'-B' and CB are 
reversed. 

55. Final Stresses. The class of stR'Sses which go to make 
up the maximum or minimum for which the member is designed, is 
determined by the specifications used. The dead-load and live-load 
stresses are always included, and then those due to impact and wind 
should be added if n^quired. In computing the maximum stn^sses, 
the algebraic sum should always Ik* used. In a large majority of 
cases, all stresses which go to make up the maximum have the 
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same sign, but some exceptions have been noted, as in the middle 
vertical of a Pratt or Howe truss. The minimum stresses are, with 
rare exceptions, obtained by combining stresses with signs of opposite 
character. 

GIRDER SPANS 

56. Moments and Shears in Floor^Beams. In any bridge the 
floor-beam acts as a sup{X)rt for either the joists or stringers, and the 
moments and shears occurring in it are due to the loads which c*ome 
on the joists or stringers. In a highway bridge the joists are spaced 
so closely that the load which they transmit to the floor-beams may 
be considered as uniformly distributed, providing the live load is a 
uniform load, in which case, 

,, (2Pl + Pn) X panel length in inches 
M = 

V = {21\ + Pd) - 2, 

where M = Maximum moment in pound-inches; 

V = Maximum shear; 
Pl = Live panel load; 

Pit — Weight of BtringiTs and floor material in one panel. 

It will be seen that the.s<' formula* aiv those for the maximum 
moment and shear in a uniformly loaded beam, the total load being 

As an example, let it be required to determine the maximum 
moment and shear in the floor-beam of a highway bridge whose panels 
are 20 feet long, and tnisses 10 feet center to center, the live load 
being 100 pounds per square foot of floor surface, the flooring weighing 
10 pounds per square foot, and there lx?ing o lines of joists weighing 
15 pounds per Hnear foot, and 2 lines of joists weighing S pounds per 
linear foot. 

Pl = -"- X 20 X 100 = 16 000 pounds. 

Pd = 5 X 20 X 15 + 2 X 20 X 8 4- 16 X 20 X 10 = 5 020 pounds. 

Therefore, 

(2 X 10 000 4- 5 020 ^ 20 X 12 

M = g 

= 1 110 600 pound-inches at contrr of floor-beam. 
V - (2 X 16 000 + r> 020> - 2 

= 18 510 pounds at ends of floor-beam. 
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In the case of a single-track railroad bridgi*, there are only two 
stringers upon which the weight of the track, the engine, and the 
train is sup{)orted. These* join the floor-lK»am at p)ints ecjually 
distant fmm the ct»nter of sjime. The weight of the ties, rails, and 
fastenings is usually taken at 400 pounds piT linear foot of one 
track. As reganls the live load, the pro{X)siti()n n^luces itself to 
placing the wheel loads so that the sum of the reactions of 
stringers in the adjacent panels will 1k» a maximum on the floor- 
beam under consideration. This is discussed in Article 47, page 87 
(see Fig. 94). 

In determining the values of the maximum moment and shear in 
the floor-beam, the case is that of a beam sMnmetricallv loaded with 
two equal conc*entrated loads. Each load is wjual to the dead weight 
of one stringer, one-half the track weight in one panel, and the maxi- 
mum sum total of the reactions due to the wheel loads on the stringers 

in adjacent panels which meet at 
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Fig. lOR. Arrangement of Tx>ads for Cal 

culatlng Moments and Shears 

in Fliwr-Ili'ams. 



that point. This latter quantity is 
calliMl the floor'l)cam rractian. For 
a general arrang(*ment of the loads, 
see Fig. lOo. The distance a has 
become standard for single-track 
spans, and is 6 feet 6 inches. 

I^t it l)e re(juired to determine 
the maximum shears and moments 
in the floor-beam of the truss of 
Article 47. 

The weight of the stringer may be obtainetl by the formula of 
Table II, and is: 

Stringer = 20 (123.5 + 10 X 20) - 2 - 3 200 pouinis. 

The weight of one-half of the ties, rails, etc., in one panel is: 

J Track = (400 X 20) h- 2 = 4 000 pounds. 

The weight that comes from the engine wheels is given in Article 
47, page S7 (see Fig. 94), and is 65.55. Each load is therefore the 
sum of all the above weights, as follows: 

3 200 + 4 000 + 65 550 = 73 750. 

The maximum shear (see Fig. 105) is seen to be 73 750 pounds; 
and the maximum moment occurs at C and D, and is: 
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M = 73 750 Xiiy- --^) Xl2 = 4 646 250 pound-inches. 

For any particular engine the floor-l)eam reactions for different 
length panels are easily tabulated for future reference. Table XI 
gives the floor-beam reactions for panel lengths from 10 to 24 feet 
inclusive. 

TABLE XI 

Floor-Beam Reactions 

E 40 Loading 



Panel 
Lenoth 


Maximum ' 

Floor-Bm. 

Reaction 


Pankl 
Length 


Maximvm 

Floor-Bm. 

REACnON 


Panel 
Le noth 


Maximum 

Flook-Bm. 
Reaction 


10 
11 • 
12 
13 
14 


41000 

43 800 
46 600 

44 400 
52 200 


15 
16 
17 
18 
19 


55 000 
57 000 
59 000 
61 000 
63 000 


20 
21 
22 
23 
24 


65.55 
67.10 
69.20 
71.30 
73 40 



In many cases it is desirable to keep the dead-load shears and 
moments separate from those of the live load ; and this can easily be 
done. 

In neither of the above cases has the weight of the beam itself 
been taken into account. This 
should be done in the final design. 
The method of procedure* is to 
compute the moment and shears 
as above; then make a provisional 
design of the beam. Next, com- 
pute the weight of tlie beam thus 
designed, and add the moments 
and shears caused by this weight 
to the other dead-load moments 
and shears; then re-design the In^am 
and compute its weight. If this 

last weight varies 10 jRTcent from the previous weight, another re- 
design should be made. The above pnK'eeding Ix^longs to Bridge 
r>esign, Part II, and will there be trt^ated. 

57. Moments in Plate-Girders. Plate ginlers are of two classes 
— namely (1) those which have the ties or floor laid dirt»ctly upon the 
upper flanges of the girders; these are called deck plate-girder bridges; 




Fig. 106, Oro.ss-Sectlon of Deck Plate- 
Olrdor Railway Bridge. 



no 
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and (2) those in which the webs of the ginlers are aninected with 
each other at intenals by floor-lx^anis which in turn carry stringers 
or joists in exactly the same manner as in the floor system of a 
railroad or highway truss-bridge; this latter type is called a ihrough 
plate^irder bridge. Figs. 100 and 107 sliow cmss-sections of deck 

and through plate- 
girder bridges re- 
spectively, for rail- 
way service. Fig. 
108 is a side view 
of a deck plate- 
girder bridge. Fig. 
100 is a longitudinal 
section of a through 
plate-girder rail- 
road bridge. Tlie 
section is taken down the middle of the track. The bridge shown has 
T) panels. An odd numlxT of panels should Ix' chosen, as this does 
not bring a floor-beam at the ct^nter of the span, and hence the great 
moment which would then be caused is avoided. 

The analysis of the shears an<l moments of a through plate- 
girder is precisi^ly the same as that for a tniss bridge. The shear is 

Rail 




ViK. 107. Cross-Seotion of Through Plate^Mrdor Railway 

Brldir*'. 




FlR. lOH. SliU* Vlow of D«vk Plat«MJlra«T Railway UriilKe. 

constant lx»tween any two panel [xnnts as 0-1 or 1-2, etc., and the 
moments are computed for the points 1, 2, 3, and 4. „. 

If wheel loads are ustnl for moments, the relation that K = 



Wn 



m 



— Lmust be +, and that k = — '— (L + P) must l)e— , holds 



m 



true when the loads are in correct position for maximum moments. 
Here m = the number of panels, and ri = the panel under considera- 
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tioD and is to be reckoned fram 
the left end; in fact, all terms 
have the same value as men- 
tioned in Article 46. A careful 
review of Articles 44 and 46 
should enable the student to 
follow the example which will 
now be given. 

ExAMPLK. It is required 
to determine the moments at 
the points of floor-beam support 
for a 5-panel through plate- 
girder of 75-foot span. The 
live loading is Cooper's E 40. 

Dead-Load Momenln. 
Through plate^rders, on ao- 
coimt of the heavy floor system 
and the fact that the floor sys- 
tem transfers its own weight 
and that of the live load to the 
girders as concentrated loads, 
are about 40 per cent heavier 
than deck plate-ginler bridges 
of the same .span. The weight 
of the entire span, therefore, is; 
1.4 X 7.'i(12.1,.'i + 10 X T.-i) - 
ill 700 pounds. 

Part of this 91 700 pounds (the 
weigh t of the ginlers themselves) 
acU as a uniform load; the re- 
mainder (the weight of the 
floor-tjeams and stringers) acts 
as concentrated loads at the 
points where the floor-beams 
join the web. Experience has 
shown that the weight of the 
floor for a single-track railroad 
system is about 400 pounds 
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TABLE XII 
Wheel Position, Moments In a Throufrh Plate-QIrder 



J h 3 t" 

I I 



2 


10 


3 


30 


4 


40 


5 


40 


6 


40 

■ 



172 

5 
192 

5 
202 

202 

5" 

195 

5 



Wn 

m 

- 34.4 
= 38.4 
= 40.4 
= 40.4 
= 39.0 



2 
2 



4 I 
5 



6 



3 
3 



50 
70 

90 
103 
116 



152 X 2 



!l72 X 2 



60.8 
68. 8 



152 X 3 

5 

172 X^ 

1 192 X_3 
I' ~\ 



91.2 

103.2 

115.2 



4 : 

4 

4 



90 



103 



129 X 4 

I" 5~ 
142 X 4 



5 



8 I 116 



9 



129 



152 X 4 

5 

152 X 4 



103.2 
113.6 
121.6 
121.6 



20 
20 
20 
20 
13 



20 



20 



13 
13 
13 



13 



' 13 



P ! L + /' . A- 



30 + + 



50 i + - 



60 I + - 



60 + - 



53 - 



70 + - 



90 - — 



103 
116 



+ - 



4- 



129 i - 



13 ; 103 + ' - 



116 . 4- 



13 142 I + 



142 I - 



Rkmarks 



Maximum 
Maximum 
Maximum 



Maximum 



Maximum 
Maximum 



Maximum 
Maximum 
Maximum 



per linear foot. Tlie weight of the stringers and floor-l)eams for 
this bridge is therefore 75 X 400 = 30 000 pounds, and 01 700 - 
30 000 = 61 700 {KHinds acts as a uniform load. This ()1 700 pounds 
is distributed over two girders, and so gives (U 700 -^ (2X75) = say, 
412 pounds per Hnear foot of one girder. 

The dead load w^hich is concentrated at each panel point is that 
due to the weight of the steel floor and the weight of ties, rails, and 
fastenings. It is, for one girder, 

15 X (400 + 400) -^ 2 « 6 000 pounds. 
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The dead-load moments arc now computed hy the methods of 
Strength of Materials, and are found to be : 

Afo - A^a - 0; 

Af J « Af^ - +4 390 000 pound-inches; 
M^^ M^'« +6 580 000 pound-inches. 

Live-Load Moments. The positions of the wheels for maximum 
moments are now determined (see Table XII). 

The computations for the reactions are best arranged in tabular 
form. Table XIII gives the values. 

TABLE XIII 
Reactions for a Through Plate-QIrder 



Point 


M •<0 

3 
4 
5 

4 

6 
7 

6 
7 

8 


Equation for Reaction 


Reac- 
tion 


1 
1 
1 


/J » (6 708 + 192 X 4) - 75 

/2 - (7 668 -f 212 X 4 - 10 X 78) - 75 

R " (S 728 + 232 X 4 - 10 X 83 - 20 X 75) -^ 75 


99.7 

103.2 

97.8 


2 


J? - (4 632 + 152 X 7) -^ 75 


76.0 


3 
3 


iJ « (4 632 + 152 X 6) ^ 75 
J? « (5 848 + 172 X 3) 4- 75 


73.9 
84.9 


4 
4 

4 


/? « (2 861 -f 129 X 4) -^ 75 
/2 « (3 496 + 142 X 4) h- 75 
/? = (4 632 + 152 X 2) -^ 75 


44.9 
54.2 
65.4 



The live-load moments are computed as follows: 

rWheel 3, A/ « 99 .7 X 15 - 230 = 1 265 000 pound-feet. 
Wheel 4, M =103.2 X 15 - 20 X 5 - 20 X 10 = 1247 000 
Point l-^ pound-feet. 

Wheel 6, A/"= 97.8 X 16 - 20 X 5 - 20 X 10 =» 1 167 000 
pound-feet. 

Point 2 Wheel 4, M 



I ^ 



1 Wheel 7, M 

I Wheel 6, M 

Point 4} Wheel 7, Af 

I Wheel 8, M 



76.0 X 30 - 480 -= 1 800 000 pound-feet. 

73 . 9 X 45 - 1 640 - 1 785 000 pound-feet. 
84.9 X 46 - 2 155 « 1 665 000 pound-feet. 

44 . 9 X 60 - 1 640 = 1 054 000 pound-feet. 
54.2 X 60 - 2 155 = 1 097 000 pound-feet. 
65.4 X 60 - 2 851 = 1 073 000 pound-feet. 



The above values show that the greatest live-load moments are: 

M at Point. 1, by wheel 3 = 1 265 000 pound-feet 
Af at " 2, ** " 4 « 1800 000 " " 
Mat " 3, " " 4-1800 000 " " 
Af at " 4, " " 3 - 1265 000 " " 
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The last two values are obtained when the load comes on the bridge 
from the left. Inspection of the results obtained at points 3 ana 4 
when the load comes on from the right, shows that they are con- 
siderably smaller than the results obtained at their symmetrical 
points 1 and 2, and therefore it was not necessary to determine the 
moments for any points to the right of the center. This b true of all 
girder spans, deck or through. 

The method of procedure when the girder is a deck plate-girder 
is the same as that just illustrated, except that in the computation 
of the dead-load moments there is no concentration of certain por- 
tions of the dead load, the weight of the girders themselves being a 
uniform load, as is also the weight of the ties and rails or, if it be a 
highway bridge, the floor-joists which run transversely. Highway 
spans are seldom built of deck plate-girders, it being preferable to 
use the through girders, as then the girders themselves serve as a rail- 
ing and keep the traffic confined to the roadway. The girder span is 
usually divided into ten equal divisions, the points of division being 
called the ierUh^ints. The shears and moments are computed for 
the center point and those points which lie to the left of the center. 
After the values are computed, they are laid off as ordinates, with the 
corresponding tenth-points as abscissae. A curve is then drawn 
through their upper ends, and the curve of maximum shears or 
moments is the result. To get the maximum shear or moment at 
any point other than a tenth-point, the ordinate is scaled at the 
desired point. 

Example. Let it be required to determine the maximum 
moments at the tenth-points of a 100-foot-span deck plate-girder. 

Dead-Load Moments. The weight of steel in the span is 100 
(123.5 + 10 X 100) = 112 350 pounds, and the weight of the track 
is 400 X 100 = 40 000 pounds, making a total of 152 350 pounds, 
or 152 350 -5- (2 X 100) = say, 762 pounds per linear foot per girder. 
The dead-load moments are now determined according to the methods 
of Strength of Materials, and are : 

A/i = 342 800 pound-feet 
3f, = 609 400 '* " 
3/, = 799 840 " '• 
A/, -= 914 100 " " 
A/. = 952 200 " *' 

Live-Load Moments, The determination of the wheel load 
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ffn 



positions is made by the use of the formuhe K = {- — L) and 
— (X + P);only, in this case, n is the nunil)erof divisions 



k^ 



Wn 



from the left support to the section, and m is the number of divisions 
into which the girder is divided. 

The detennination of the wheel positions is given in Table XIV. 

TABLE XIV 
Wheel Positions* Moments In Deck Plate-QIrder 



2 
2 
2 
2 

T 
3 
3 
3 

T 

4 

4 

4 

4 

6 
5 
6 
6 
6 
6 
5 
5 
5 






2 
3 
4 
5 
6 
7 



2 
3 
4 
5 



3 
4 
5 
6 



4 
5 
6 
7 
8 



6 

7 
8 
9 
10 
11 
12 
13 
14 



10 
20 
20 
20 
20 
13 



m 



10 
30 
50 
60 



258 X 0.1 
261 X 0.1 
254 X . 1 
242 X 0.1 
240 X 0.1 
230 X 0.1 



25.8 

20. 1 

25.4 

24.2. 

24.0 

23.0 



20 
20 
20 
20 
13 
13 



L+P 



Ukm\rks 



30 
40 
40 
40 
33 
26 



30 
60 
70 

80 



50 

70 

90 

103 

106 



90 
103 
116 
129 
132 
102 
102 
102 
122 



232 X 0.2 = 


40.4 


30 


30 


245 X0.2 = 


49.0 


20 


50 


258 X 0.2 = 


51.6 


20 


70 


261 X 0.2 - 


52.2 


20 


80 


232 X 0.3 - 


69.6 


20 


50 


232 X 0.3 = 


69.6 


20 


70 


245 X 0.3 = 


73 . 5 


20 


90 


261 X 0.3 = 


78.3 


13 


93 



+ 


] — 


4- 


— 


+ 


— 


+ 


— 


+ 


— 


+ 


— 


+ 


+ 


+ 


— 


+ 


— 1 


— 


— 



— Maximum 



<« 

t < 

1 1 



— Maximum 



( ( 



212 X 0.4 
232 X 0.4 
245 X 0.4 
258 X . 4 
261 X 0.4 



84.8, 
92. S' 
98 . 
103.2 
104.4 



20 
20 
13 
13 
13 



70 

90 

103 

116 

119 



+ 



+ 
+ 



+ 
a. 

+ 



Maximum 

1 1 



-i- 



— Maximum 



i t 

u 



232 
232 
245 
258 
274 
244 
234 
224 
234 



X 0.5 
X 0.5 
X 0.5 
X 0.5 
X 0.5 
0.5 
0.5 
0.5 
0.5 



X 
X 
X 
X 



116.0 
116.0 
127.5 
129.0 
137.0 
122.0 
117.0 
112.0 
117.0 



13 


103 


-+- 


-i- 


13 


116 


+ 





13 


129 


+ 


^■^ 


13 


142 





— 


10 


142 


+ 


— 


20 


122 


+ 





20 


122 


4- 


^ 


20 


122 


4- 


— 


20 


132 


— 


— 



Maximum 
< < 

<< 

It 

tt 

It 

it 



While many wheels on point 1 satisfy the condition, the greatest 
moment will occur when one of the large drivers is at the point, and 
it is therefore unnecessary to examine the point for other wheels. 
The same is true at the center point, 5, the maximum occurring under 
one of the heavy driver w'heels. The reactions and the computations 
for the same are given in Table XV. 
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TABLE XV 
Reactions for a Deck Plate-Qirder 



PoilfT 


Wherl at 
Point 


Equation for Reaction 


• 




Reaction 


1 
1 

1 
1 


2 
3 
4 
5 


R - (12 041 + 6 X 258) -i- 100 
R - (12 599 + 4 X261) + 100 
R « (11 984 + 4 X 254) ^- 100 
R - (11 334 + 4 X 234 ^- 2 X 4« H- 


2)^ 


- 100 


133.31 
136.43 
130.00 
122.86 


2 
2 


3 
4 


ft - 12 041 -100 

R = (12 041 -f 5 X 258) + 100 


120.41 
133.31 


3 
3 


4 
5 


R = 10 816 ^ 100 
i2 - 12 041 - 100 


108.16 
120.41 


4 
4 
4 


5 
6 
7 


« « (8 728 + 4 X 232) -!- 100 
R = (10 816 + 4 X 245) -i- 100 
R - (12 041 + 4 X 258) -^ 100 


96.56 
117.96 
130 . 73 


5 
5 
5 
5 
5 
5 
5 


7 
8 
9 
10 
11 
12 
13 


i2 = (8 728 + 8X232) -j- 100 
R - 12 041 ^100 
i2 =(12 041 + 6X 258) -f- 100 
R - (13 904 + 2 X 274) -i- 100 
i2«(11334+ 5X234 + 2 X 5« ^ 
72 « (9 514 + 10X214 + 2 X 10> -^ 
R - (7794 + 15X 194 + 2 X 15" -f 


-2) 

■2) 

2) 


■f- 100 

-T- 100 

+ 100 


105 . 84 
120.41 
133.31 
144.52 
125.29 
117.54 
109 . 29 



TABLE XVI 
Maximum Moments In a Deck Plate-QIrder 



Point 


Wheel 

at 
Point 


Equation for Moment 


Moment in 
Pound-Feet 


1 

1 
1 

1 


2 
3 
4 
5 


M = 133.31 X 10 - 80 
M = 136.43 X 10 - 5 X 20 
M = 130.00 X 10 - 5 X 20 
M = 122.86 X 10 - 5 X 20 


1 253 100 
1264 000 
1200 000 
1 128 000 


2 
2 


3 
4 


M = 120.41 X 20 - 230 
M - 133.31 X 20 - 480 


2 178 200 
2 186 200 


3 
3 


4 
5 


A/ = 108.16 X 30 - 480 
M = 120.41 X 30 - 830 


2 764 800 
2 782 300 


4 
4 
4 


5 
6 
7 


M = 96 . 56 X 40 - 830 
A/ = 117.96 X 40 - 11 640 
M = 130.73 X 40 - 2 155 


3 032 400 
3 078 400 
3 074 200 


5 
5 
5 
6 
6 
6 
5 


7 

8 
9 
10 
11 
12 
13 


M = 105.84 X 50 - 2 155 
M = 120.41 X 50 - 2 851 
M = 133.31 X 50 - 3 496 
M = 144.52 X 50 - 4 072 
A/ = 125.29 X 50 - 3 068 
M = 117.54 X 50 - 2 658 
A/ = 109.29 X 50 - 2 248 


3 137 000 
3 169 500 
3 169 500 
3 154 000 
3 196 500 
3 219 000 
3 216 500 
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Table XVI gives the computations of the live-load moments at 
the tenth-points, the final results being in pound-feet. 

Whenever any loads were off the left end of the bridge, the lines 
7 to 16 of the engine diagram were used (Fig. 85). For example, with 
wheel 10 at 5, wheel 1 would be off the left end. By looking in the 
second space of line 8, there is found the quantity 13 904, which is 
the moment of wheels 2 to 18 inclusive about a point directly 
under wheel 18. Just to the right of the vertical line through 
wheel 18, is the value 284, which is the weight of wheels 1 to 18 in- 
clusive; but this must be decreased by 10, the weight of wheel 1, as 
that wheel is off the span. As wheel 18 is 2 feet from the right end 
of the girder, the moment about the point is 13 904 + 274 X 2. By 
looking in the second space of line 10, the value 4 072 is found. This 
is the value of the moment of loads 2 to 9 inclusive about a point 
directly under wheel 10, and must be subtracted from the moment 
of the reaction in order to get the moment at 5 for this loading. 
See Articles 21 and 47 for further information regarding the use of v 

the values in lines 7 to 16 of the engine diagram. 

By the help of differential calculus it can be proved that the j 

greatest possible moment doe^ not occur at the middle of a beam loaded Av, 
eUher with concentrated loads or with concentrated loads followed by j 

a uniform load, but ii occurs under the load nearest the middle of the 
beam when the hods are so placed that the middle of the beam is half 
way between the center of gravity of all the loads and the nearest load. 

The wheel which produces this greatest moment is the same one 
which produces the maximum moment at the middle of the beam. 
The exact solution of this problem involves the use of quadratic 
equations, but for all practical purposes the following rule will 
suffice: 

Place the loading so that the wheel which produces the maximum 
moment at the middle of the beam is at that point. Find the distance of the 
center of gravity of all the loads from the right end. Move the loads so that 
the middle of the beam is half way between the center of gravity as found 
above and the load which produced the maximum moment at the middle 
of the beam. Find the moment under that load, with the loads in the position 
just mentioned. 

For the case in hand, wheel 12 at 5 gives the maximum moment. 
The moment at the right end of the span, wheel 12 being at 5, is: 

9 514 -I- 10 X 214 + 2 xTo' -^ 2 = 11 754 000 pound-feet. 
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The center oi gravity is — .^'j? i~~ ^ ^^^^''^ ^^'^^ ^^"^ ^^^ right sup- 
port, or 0.2 foot to the left of the center of the girder. Now place 
whee' 12 one-tenth of a foot to the right of the center, and deter- 
mine the moment under it. The reaction will be: 

R = (9 514 + 9.9 X 214 + 2 X 9 9- - 2) -: 100 - 117.306; 

and, 

M --r 1 17.300 X 50.1 - 2 05S - 3 219 300 pouml-fect. 

In this particular case the difference In^tween the gn'atest 
moment possible and the greatest moment at the middle is not 
sufficient to warrant the extra labor involved in computing it. In 
general it may l>e said that // the greateid moinrnf posffihlv occurs ^vifhin 
six indies of the middle of the beam, it is not nccessorif to compute it, 
the juoment at point 5 being taken, 

oS. Shears in Plate-Girders. In the case of through [)latt»- 
girtlers, the maxinuim live-load shears are determined by placing the 

ir . ir 

wheels in such a iK)sition that O = - — (r is -1-, and a = — 
{(! -f P) IS -. 

In these equations, m is the numlnT of panels into which the 
span is dividtMl; and the other quantities nrv the same as given in 
Article 45, which should now be iwiewed. 

For example, let it be nnjuired to determine the dea<l and live 
load shears in the through plate-girder of Article 57, p. 111. 

The wei^'ht of one girder = 01 700 -- 2 = 30 850 lbs. 
** *' " '. the floor = 5 X 000 = 30 000 lbs. 



Totiil weight on one ginler — (>0 SoO Iba. 

The dead-load shears are then (computed by the metluKls given in 
Strength of Materials, and art* given as follows, it being rtniieml)ered 
that the concentrated load which comes at the end is one-half a panel 
load, <»r 3 000 pounds: 

r„ --- OOSoO : 2 -- 30 475 1b.s. =■ end shear; 

r, - 30 475 - 3 (M)0 - ^.^'"^ ^21 305 lbs.; 

o 

V _ 30 475 - 3 000 - 000 - 2 •; '^^ ^'^^ - \) 135 lbs. 

\\ - .30 475 ■ 3 000 - 2 X 000 - 2 X '— 1 - 3 135 lbs. 

o 

Vc =- 0, 
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where V^ = tlie shear at the end; l\ = the shear just to the le7t of 
point 1; Ta = the shear just to the left of point 2; V^= the shear 
just to the right of point 2; and Vc = the shear at the middle of the 
girder. 

The detennination of the wheel load position for maximum 
live-load shears is given in Table XVII. By comparing the formute 
Q and K, it will be seen that for the first panel Q = K, and q = k, 
as n = 1. The position of wheel loads for maximum moments at 
point 1 is the same as for maximum shear in the first panel. Accord- 
ing to Table XII, wheels 3, 4, and 5 at point 1 all give maximum 
shears in the first panel. In this case, as in previous ones, only the 
shear for the first position of the loading found for any particular 
point will be determined, as the difference between this and the other 
cases is too small to warrant the additional labor necessary in com- 
puting them. It is evidently unnecessary to go past panel 3, as only 
the maximum shears are rec^uired. 

TABLE XVII 

Wheel Positions, Shears In a Through Plate-QIrder 

(m = 5) 



Point 


Whell 

AT 

Point 





W 
m 


P 

20 
20 
20 

20 
20 


P+G 

30 
50 
60 

30 
50 


1 
1 


1 
1 

Q 


Remarks 


1 






+ 
+ 

4- 




See Table XII. and 
text above this table 


2 
2 
2 


2 

4 

2 
3 


io 

30 
40 

10 
30 


142 
152 
152 


- 5 = 28.4 
^ 5 = 30.4 
H- 5 = 30.4 1 




Maximum 
Maxiniiuii 


3 
3 


116 
116 


-^ 5 = 23.2 
-*- 5 = 23.2 


Maximum 



For wheel 3 at point 1, the left reaction (see Table XIII) is 99.7. 
That portion of wheels 1 and 2 which is transferred to point is 
230 -r 15 = 15.33; and the shear in the first panel, therefore, is: 

\\ = 99.70 - 15.33 = +84.37. 

For wheel 2 at point 2, the left reaction is : 

R = (3 496 4- 142 x 5) -^ 75 = 56.10; 

therefore, 

r^ = 56.10 - V- - -f 50.67. 
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A computation with wheel 3 at point 2 will give a shear only 560 
pounds greater, w^hich diflFerence would not influence the design to 
any appreciable extent. 

For wheel 2 at point 3, the left reaction is: 

R = (2 155 + 110 X 1) ^ 75 = 30.30; 

therefore, 

I'a = 30.3 - ^'= +21.97. 

Wlien the ginler is a deck one, the computation of the dead 
shears is very much sim[)lified, as all of the load is unifonn. 



w 



P 



J: 



4 



K 



f 



(0 \1\) C^v JOu^^m 



m* 



x-e 



k 




Fig. 110. Beam under Wheel Loads Followed by Uniform Load. 



Ijct it Ik' re(|uiix»d to determine the dead and live load shears 
at the tenth-i)<:)ints of the deck plate-ginler of Article 57. 
The total weight of one ginler and track is 70 175 lbs. 

r„ - 70 175 -^ 2 = +38 OSS pounds. 

r, - 38 OSS - ' j^j'^ = +30 470 pounds. 

V. = 38 OSS - -^1- X 7() 175 - +22 450 pounds. 
^ 10 ^ 

Va = 38 088 - ? - X 70 175 = + 15 230 pounds. 

10 



\\ = 38 088 
V, - 0. 



10 



X 76 175 - + 7 018 pounds. 



The position of the wheel loads to produce the maximum shear 
cannot l)e determined by the same n^lation as that ustnl in stnictures 
which have a system of fl(K>r-lK»ams and stringers, for here not a 
portion, but all of the load to the left of the section, must be sub- 
tracted from the left n^action in order to give the shear. 
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The correct relation for the wheel load position will now be 
deduced. 

Let Fig. 1 10 represent a beam of span / loaded with a series of 
wheel loads followed by a uniform load. Let P equal the weight of 
the first wheel, W equal the weight of all the loads, and g the distance 
from the center of gravity of all of the loads to the right abutment. 
The distance between the first and second wheel centers is a, and the 
first wheel is at the section 6 - 6 at a distance a:, from the left support. 
Then, 



and' 






Wq 
y'b_b = /?/ — (loads to left of section) = -y^. 



Now, assume that the loads move fon^'anl the distance a. The 
wheel 2 will Ik» at section 6-6, and Fig. Ill will represent the 
position of the loads. Then, 

R, ^ , 

and 

y"b_b = i?/' - p 

F^ ^ E« _ p 

It is now evident that in order to get the greatest shear at section 
6-6, wheel 2 must be placed at the section whenever F"b_bis 
greater than I''b-i)- Then, 

y"b_b > V'b-b; 

Wq 
Now, canceling out the term -- • ,which appears on both sides of the 

equation, there results: 

^" > p. 

For the engine under consideration, a = 8 feet, and P = 10 000 
pounds, and the ecjuation reduces to: 



n->i;/. 
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which is to say that when the load on the girder is greater than IJ 
times the span, then wheel 2 should be placed at the section in order 
to give the maximum shea^. 

For loading E 40, the following is true: 

For all sections up to and indndinfj the center of all spans, place 
wheel 2 at the section to give the maximum shear. 

In Fig. Ill it is immaterial whether or not any additional loads 
come on the span at the right end when the loads move forward the 



I? 



w 



Jz 



4. 



-•H- 



r; 



.+ 



(f^nO^. 



xi 



•♦*- 



xe 



i 



Fig. Ul. Beam of Flj?. 110 with Loads. Movi-d Forward. 

distance a, as they would onlv tend to increase the left reaction and 
therefore the shear r"i,_i, . If the relation dinhiced is true for the 
case when no extra loads come on at the right end, it will be true 
when thev do. 

The.Uve-load shears at the left end and at the tenth-points, 
wheel 2 l^eing at the section in all casi\s, are computed from the gen- 
eral formula, which is: 

in which, 

R = Left reaction; 
I P = All loads to left of section, and is equal to 10 000 pounds for 
all sections except the end of the girder. 

The computations and results can l)c conveniently placed in 
tabular form, and are given in Table XVIII. 

In order to illustmte the use of the relation n'> 1 — /, let point 

3 in the alxne span Iw taken. Place wheel 2 at point 3; then, as 
wheels 1 to 13 are on the girder, the total weight W is 212. As / = 
10(), \\l = 125. ThcR^fore, as 212 is greater than 125, wheel 2 is 
the correct wheel. 
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TABLE XVIII 
Maximum Shears In a Deck Plate-QIrder 



il3904 + 4X274> + 100 


1 
150. 00' 


150.00 




1 (12041+5x2a8)-i-lW: 


i:i:i.3l, ic 


123-31 


\S)u;-\ Hi, r. fl.fromrt. end 


2 10 816 H- 100 


108.10' It 


iiH.ifi 


\Vh.-.l 15 at riRht end 


3' ( 7mS, + iy:2\2)-i-\IX 


85.16 K 






4 |( 5848 + 4X172)-!- 10( 


65.36 It 


5J).3G 


Wluil ll,4ft.fri>iiirt.etid 


S ( 4 6a2-H2xl52)-:-100 


49.36 10 


:i!).;«( 


Whc-llO, -'ft. fromrt.end 



The cun'cs of maximum live-loaii momciilH ami slicars are shown 
in Fig. 112. Tlicy should always Ir> drawn. From tht-m the shear 
or moment at any desired section 
can l)c determined. For exam- 
ple, let it be desireii to detennine 
(he maximum hve-load shear and 
moment at a point 24 feet from 
the left end of the girder. By 
drawing the ordinate, .sho^vn by 
a broken line in Fig. 1 12, and 
scaling, the following values are 
found : 

V._, = 88 000 pounds: 

.v., = 2 440 000 imutid-ffpt. 

A similar set of eur\es for 
the dead -load shearsand moments 
should I>e made. The set for the 
deck plate-girder in hand isshown 
in Fig. 113. The-st.- are easily 
t?rtistructed by lajing off the max- 
imum values of the shear at the 
end, and the maximum value of 
the moment at the center. The 
shear curve is a straight line from the end to the center, while the 
moment curve is a parulx>k from the center to the end. 

The stresses in the lateral systems of plate-girders an- computed 
in a manner the same as tlmt empioywl for the lateral systems of 
trusses, the unit-load being taken accordiug to the specifications used. 



ll 


I] 


M 
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^r- ^ 3l 


5 ? 4t 


4 ^k r ' 1l 


1 ^^ti 4 JL 


. ... iM It. V 1 4 _2 K= ' L 
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1 It^^^i^ ^ 
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kzki^i^ 



■I Maxtmum Lli-e-Lokd 
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59. Stresses In Plate-Girders. The stresses in plate-girders 
are treated in the Instruction Paper on Steel Construction, Part IV, 
pages 251 to 263, and the student is referred to this treatise for infor- 
mation regarding this subject. 

The stress in the flange is seen to depend upon the distance from 
center of gravity to center of gravity. This distance, in turn, depends 




5 5ec tion 
5 Feet 



For MoTneni^. 
For 5hear6 



Pounds 



Fig. 118. Curves of Dead- Load Shears and Moni«»nts In a 100-Foot Si>an Deck Plate-Girder. 

U{X)n the depth of the ginler. Certain appn>ximate niles have been 
projx)sc»d in order to determine this, but the following formula will 
give the width of the web plate in acconlance with l)est modern 
practice: 



d = ;^A-A— ,- 



/ 



in which 



0.000/"+ 0.543' 

d = Width of the web plate, in the even inch; 
/ = Span, in feet. 



For example, let it be rec|uired to determine the width of the 
web plate of a plate-girder of SO-foot span center to center of end 
bearings. 

«0 80 



d = 



85.2 (say 86) inches. 



0.005 X 80 + 0.543 0.94 

If the resultant value had been So inches, the width would have been 
taken as either iS4 or SO. The reason for this is that the wide plates 
kept in stcK'k at the mills mv ii.sually the even inch hi width and can 
therefore l)e pn)cured more (juiekly than if odd -inch widths were 
ordered, in which case the purchaser would be forced to wait until 
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they were rolled — often a perioil of st^veml months. The distance 
back to back of flange angles, the so-called depth of girder, is one-half 
inch more than the width of the web. This is due to the fact that 
each pair of flange angles extend one-fourth inch lx»yond the edge of 
the web plate, so as to keep any small irregularities caused on the 
edge of the web plate by the rolling, from extending beyond the backs 
of the angles. 

EXERCISES AND PROBLEMS 

1. Determine the maximum positive shears in the first six panels of 
a 9-panel 114-foot Pratt truss, the Hve panel load being 8.0. I'se the exact 
and also the conventional method. 

Answer: 





■7 

X 


KXACT SlIKARS 


COXVENTIONAL ShEARS 


V. 


IG 


+ 32 . 00 


4 32 . 00 


V, 


14 


+ 24 . 54 


+ 24 . 90 


V, 


12 


+ 18.05 


+ 18.70 


V, 


10 


+ 12.48 


+ 13.35 


V, 


8 


+ 7.85 


+ 8.90 


V, 


6 


+ 4.50 


+ 5.34 



2. Find the maximum and minimum stresses in LJ^i i"**^ ^ J^3 f>f an 
8-panel 160-foot through Warren truss. Height 20 ft.; dead panel load 10.00, 
all on lower chord; live panel load 12.00. 

Answer: In LJiK: d. 1., -28.00; 1.1., - 35.30 and +1.68; 
max., -G3.30;mm., -20.32. In l\L^: d. 1., +10.80; l.l., + 25. 20 
and — 5.04;inax., +42.00;nini., + 11.70. 

3. In the truss of Problem 2, determine the maximum .stress in FjJj^ 
by the method of moments, and also by the tangent m(»thod. 

Answer: d. I. = +67.50; 1.1. = +S1.(K); max. = +14S.50. 

4. Determine the dead-load stresses in the mombcrs UJ.., and LJIi^ 
of a 9-panel 180-foot through Warren truss. Height is 24 feet; dead panc»l 
load is 10.0, one-third being at each panel point of the upper chord, and two- 
thirds being at each panel point of the lower chord. 

Answer: t/^L^ = +30.(i0; L,f7, = -l.S0. 

5. Determine the stress in the counter of a through Howe truss of 8 
panels and 160-foot span. Height is 30 ft.; dead panel load, 9.(3; live panel 
load, 11.5. 

Answer: —4.59. 
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6. In tho truss of Prol)loiii 5, determine the maximum and minimum 
stress in UzL.^^ ^>-^^3. and L^U^. 

Answkr: 



d. I. 
1.1. 
1.1. 



Max. 
Min. 



U,L, 



+ 20.80 
H- M) . 80 
-14.40 



+ 15.10 



I'J\ 



-17.30 
-25.1)0 
+ 5. IS 



- 43 . 20 
-21.20 



LJ\ 



— .) . / (> 

-17.30 
. (K) 



- 23 . 00 
^ 0.00 




Fig. 114. Deck Parabolic Bowstring Truss. 

7. In the deck parabolic bowstring truss of Fig. 1 14, determine tho 
maximum stress in LjLj, hyU^^ and VJL^. The dead panel load is 4.0, all 
on upper chord; and the live panel load, 20.0. 

Answer: X^L, = +2()1.1); L^U^-- +21.8; ^^3X3 = — 33.6. 




6 Qtl5'«9d 



Fig. 115. Through Bowstring Truss. 



8. In the through bowstring truss of Fig. 115, determine the maximum 
stress in U J^^ and l.^U ^^y the dead panel load being 5.0, and the live panel 
load 15.0. 

Answer: U^L^^ +33.50; L^r, = +38. 0. 
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9. Determine the maximum and minimum stresses in the members 
UiL„ U^L^, U2L2, and UJ^^ of a 7-panel 175-fo()t through Pratt trus.s 30 feet 
high. Dead panel load is 10.0, all on lower chord; live panel load is 15.0. 





Answer 


• 




r.L, 








l\Lx 


V.L, 


V,L, 


d. 1. 
1.1. 
1.1. 


+ 10.0 

+ 15.0 

0.0 


+ 20.00 
+ 41.70 

- 2.78 


-10.00 
-21.40 
+ 0.42 

• 


0.00 

-12.85 

0.00 




Max. 
Min. 


+ 25.0 
+ 10.0 


+ 07.70 
+ 23 . 22 


-31.40 
~ 3.58 


-12.85 
0.00 



10. Determine the maximum and minimum stresses in the members 
U^fn^y rn^L^, UJj^, and mJJz of the deck Baltimore truss shown in Fig. 116. 
Dead panel load, 30 000 lbs.; live panel load, 50 000 lbs. One-third of dead 
panel load is applied at the lower ends of all the verticals. 



Axsw 


er: 


l\m^ 


i 

+ 84.8 

+ 191.5 ! 

- 50.5 












l\L, 


1 


d. 1. 
1.1. 
1.1. 


— 


+ 190.8 
+ 333 . 5 
- 15.1 


-110.0 
-211.0 
+ 10.7 


+21.2 

+ 50.0 
0.0 


Max . 
Min. 


1 


+ 524.3 
+ 175.7 


+ 270 . 3 
- 34.3 


-321 
- 99.3 


+ 50.0 
-^'1\ .2 



11. In the truss of Problem 10, determine the maximum stress in 
MJJ.^ and LJ^^. 

Answer : MJJ^ = - S40 . ; LJ., = + 9(K) . 0. 

12. Determine the position of the wheel loads of Cooper's E 40 loading 
to produce the maximum positive live-load shears in the panels of a 7-panel 
175-foot Pratt tru.ss. 

Answer : Lp wheel 4 ; Lo, wheels 3 and 4 ; L,, wlu^el 3 ; L^, wheel 
3 ; Lj., wheel 2 ; L^, wheel 2. 

13 Determine the maximum positive live-load shears for the truss 
of Problem 12. 

Answer: I^ = 192. S; l\ = 137. S; V\ = 90. S; J\ = 52.6; 
J\= 25.0; r. = 6.8. 
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14. Determine the position of the wheel 
loads of Cooper's E 40 loading to produce max- 
imum moments at the panel points of the truss 
of Problem 12. 

Answer: Lj, wheel 4; L,, wheel 7; 
I/3, wheels 11 and 12; L^, wheels 13 and 
14. 



nj 



e5 

80 



o 
u 

o 

B 









15. Determine the maximum moments at 
the panel points of the truss of Problem 12. 
Loading, Cooper's E 40. 

Answer: M^ = 4 820 000; M, = 
7 745 000; J/, = 9192 000; M, = 
9 082 000, all in pound-feet. 

16. Compute the maximum live-load web 
stresses in the truss of Problem 12, the height 
being 32 feet. Loading, E. 40. 

17. Compute the maximum live-load chord 
stresses in the truss of Problem 12, the height 
being 32 feet. Loading, E 40. 

18. Compute the impact stresses for all 
members of the truss of Problem 12. 

19. Determine the maximum live-load 
shears at the tenth-points of a 65-foot span 
deck plat«-girder. Loading, E 40. 

Answer: V^ =103.0; F^ = 86; F, 
= 69.7; F, = 54.5; F, = 40.8; F, = 

28.4. 

20. Compute the shear due to impact in 
the girder of Problem 19. 

Answer: V\-== 84.7; l\ = 71.5; F, 
= 58.8; F3 = 47.0; V = 35.6; F, = 
25.4. 

21. Compute the maximum live-load 
moments at the tenth-points of the ^rder of 
Problem 19. Loading, Cooper's E 40. 



.OiF 
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Answer: 



Point 



1 
2 
3 

4 I 

6 
1 . 45' from center 



Wheel 


Moment 


Impact Moment 


2 


6 540 


5 520 


2 


11320 


9 520 


3 


14 860 


12 500 


4 


16 850 


14 050 


4 


16 860 


14 530 


4 


16 920 


14 650 



All moments are In thousands of pound-inches. 
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PART II 



BRIDGE DESIGN 

60. General Economic Considerations. The prime considera- 
tion which influences the decision to build is cost. After the decision 
to build has been made, the problem is one of a purely engineering 
character, whereas in the first case it was one of either a political or 
an engineering character, or both. The engineering problem is an 
economic one, in which maximum benefits must be obtained at a 
minimum cost. 

A map of the proposed bridge site and the approaches, as well 
as of the country for a considerable distance up and down stream, 
should \ye made. This map should show the contours, the soundings, 
the borings, the high and low water-mark elevations, and the excep- 
tional flood line. On this map the bridge should be plotted in its 
proposed location and also in various others. In the case of each of 
these locations, various schemes taking into account different numbers 
of piers and spans should be considered. 

Several authors have attempted to present formulae having a 
more or less theoretical derivation and purporting to indicate the 
correct numl)er of piers and spans for a minimum cost. The use of 
these formulae should not be encouraged, since they do not in any case 
give results close enough to serve for anything but a rough guide. 

The cost of abutments will vary somewhat with the location and 
the character of the approach. This variation is usually small, and 
ordinarily an approximate location of the abutments can be quickly 
made. As the number of abutments is in all cases constant, their 
effect upon the problem of the location of the bridge is small, the main 
proposition being that of the cost and the number of piers and spans. 

The cost of the piers will usually not be constant, those closer to 
the middle of the stream costing more on account of the depth of the 
water and the more difficult character of the foundation. Piers 

Copyright, 1908, by American School of Correspondence, 
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should not be placed on a skew; neither should they be placed directly 
in the maximum line of action of the current. If a skew is unavoid- 
able, it should be as small as {xissiblo. The cost of piers should Ik* 
ascertained by the most careful estimates. In the case of small 
bridges where there are only one or two piers, the matter is verj' simple, 
but with a considerable numlxT of piers the problem l>ecomes very 
complicated and requires weeks and sometimes months or years for 
its solution. 

The determination of the cost of the superstructure* is a com- 
paratively simple matter. In certain instances the class of bridge is 
limitwl to some extent by the specifications. Cooper, in Article 2 of 
his "Specifications for Steel Railroad Bridges and Viaducts'* (edition 
of 1906), gives the following: 

Types of Bridges for Various Spans 



"Spanh 



Up to 20 feet 

20 to 75 " 

75 to 120 *' 

120 to 150 '* 

Over 150 *' 



Kind of Bridof. 



Rolled beams 
Riveted plate-girders 
Riveted plate- or lattice-girders 
Lattice or pin-connected trusses 
Pin-connected trusses 



One railroad expn»sses a prefeR^nce for plate-girders for all s{>ans 
fn)m 2() to 115 feet; and for spans fwm there to 150 feet, riveted 
tnisses. 

The question as to whether the bridge will l>e deck or through 
is one which is decided hy the contn)lling influences of water-^cay, 
false work, time of erection , and extra cost of masonry. If the clear 
height recjuired for the water-way is sufficiently small, the deck 
bridge should be chosen, as in this class the cost of false work is less, 
the time of erection is less, and the cost of mason r\- is less bv an amount 
equal to the cross-section of the piers times the depth of the tniss. 
Deck bridges also cost less than through bridges of (.H\\vd\ span. 

The conditions permitting, girders should l)e used in preference 
to tniss(*s. AMiile for ecjual spans girders are heavier and then^fore 
cost mon*, the steel work alone Wing considcTcd, little or no false 
work is recjuired, and the time of enaction is much less than in the 
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case of trusses. This makes the total cost of girder bridges less than 
those in which trusses are used. Another item in favor of girders is 
their great stiffness. 

^\^lile pin-connected bridges cost less and are easier to erect, 
their stiffness is not so great as that of riveted bridges, which cost 
more. The time required for the erection of riveted bridges is also 
greater than that for pin-connected bridges. This is on account of 
the great amount of time required to make the riveted connections. 
For long spans, say over 200 feet, it is necessary to use pin-connected 
bridges, as the extreme size of the connection plates prohibits the use 
of the riveted type. Also, it is unnecessary to use riveted long-span 
trusses to obtain stiffness, as the weight of the pin-connected bridges 
is so great when compared with the live load that sufficient stiffness 
is obtained. 

The cost of spans of different lengths and character may be 
obtained directly from the bridge companies; or their weights may 
be computed from the formula* given in Article 20, p. 9 (Part I, 
"Bridge Analysis"), and multiplied by the unit price which your 
experience indicates is correct, thus giving the total cost. 

Evidently the solution of problems of this nature cannot be 
made within the limits of this text, but the following example will 
tend to indicate somewhat the manner of procedure in a problem of 
this kind. For example, if the length between abutments is 1 400 ft., 
the cost of each abutment is $12 000, and the cost of each pier is 
$15 000, then, if we have fourteen 100-foot plate-girder spans, each 
costing $4 300, and thirtwn piers, the total cost will be $279 200. On 
the other hand, if nine piers and ten 140-foot truss spans, each cost- 
ing $9 200, are used, the cost will be $251 000, showing a balance of 
$28 200 in favor of the truss scheme. The live loading is E 50. 

61. Economic Proportions. The depth of girders is given in 
Article 59, Part I. 

In the case of trusses, the effect of an increase in the height 
is to incn^ase the stresses in the web members and to decrease the 
stresses in the chord members. This variation does not affect the 
weights to any considerable extent; in fact, a variation of 20 per cent 
in the height will not affect the weight more than 2 or 3 per cent. 

The height of the bridge is usually fixed l)y some considerations 
which are in turn determined by the six^eifications. The height must 
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be suflBcient to clear whatever traffic will pass through. It should 
also be sufficient to prevent overturning on account of the wind 
pressure on the truss or on the traffic. In addition, the height of the 
bridge is influenced by the depth of the portal bracing. A deep 
portal bracing is desirable, in that it stiffens the trusses under the 
action of the wind and the vibration due to the passing traffic; but 
a deep portal bracing increases the height of the truss and therefore 

the bending in the 
end-posts due to 
the wind. Judg- 
ment on the part 
of the engineer 
should be used in 
order to determine 
the limiting height 
for securingamax- 
imum amount of 
benefit as regards 
stiffness and a 
minimum amount 
of bad effect due 
to the bending in 
the end-posts. Fig. 
117, which gives 
the height for any 
given length of 
span, may be said 
to represent the best modem practice (1908). Variations of a foot 
or more from those given do not affect the weight to any appreciable 
extent. 

The distance from center to center of trusses for highway 
bridges depends upon the width of the street or, if in the country, 
the width of the roadway. Streets, of course, vary in width in differ- 
ent localities, but country highway bridges usually have a roadway of 
from 14 to 16 feet in the clear. 

In the case of railroad bridges, the distance from center to center 
of trusses depends upon whether the track is straight or on a 
curve, and also upon whether the bridge is a deck or a through bridge. 
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Fig. 117. Curves Showing Relation between Height of Tmsses 

n In Double- ai " " ' 
llway Bridges. 



and Length of Span In Double- and Single-Track 
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The actual amount varies in most cases, and is fixed by specification. 
Some specifications require that when the track is straight, the dis- 
tance from center to center of trusses shall be 17 feet; or that, in case 
one-twentieth of the span exceeds the 17 feet, then one-twentieth of 
the span shall be used. 

For deck plate-girders the common practice appears to be to 
space them as given below : 

Width of Plate-Girder Bridges for Various Spans 



Spans 


Distance Center to Center op 
Plate-Qxroers 


Up to 65 feet 
65 to 80 *' 
80 to 115 '' 


6 feet 6 inches 

7 feet inches 
7 feet 6 inches 



For through plate-girders the spacing should be such that no 
part of the clearance diagram will touch any part of the girder. In 
case of double-track plate-girders with one center girder, great care 
should be exercised in order that the center girder shall not be so deep 
nor have so wide a flange as to interfere with the clearance diagram 
(see Fig. 126). 

On account of the wind on a train which runs on track placed 
at the elevation of the top chord of deck bridges, the overturning 
effect is exceedingly great, and special care should be taken that the 
height and width are such as to prevent overturning. 

In through bridges the clearance must be such as to allow the 
clearance diagram to pass. Special attention should be paid to the 
knee-braces and also to the portal braces. ^Mien the bridge is on a 
tangent, the spacing of the trusses is a comparatively simple matter, 
being just sufficient for the clearance diagram; but on curves, allow- 
ance must l)e made for the tilt of the diagram due to the super- 
elevation of the outer rail, and also allowance must be made for the 
fact that the length of the cars between trucks forms a chord to the 
curve, and as such the middle ordinance must be taken into account. 
It is also necessary to allow for that part of the car which projects 
over the trucks, as this will extend beyond the outer rail by an amount 
greater than one-half the ^idth of the clearance diagram. (See 
Figs. 119 and 120.) 
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62. The Clearance Diagram. 
Tlie clearance diagram is not 
supposed to represent the outline 
of the largest engine or car which 
may run over the line, but repre- 
sents the maximum amount of 
space which may be taken up by 
objects which are to be shipped 
over the line. For instance, the 
lower part of the clearance dia- 
gram may allow for snow-plow 
or ballast distributors, and the 
upper part may take into account 
the passage of such material as 
carloads of lumber, piles, or tele- 
graph poles. The standard clear- 
ance diagram of the Lehigh 
Valley Railroad is given in Fig. 
118. This diagram is for the 
clearance on straight track only. 
On cur\es, the diagram tilts as 
shown in Fig. 119, and to allow for this tilting the Lehigh Valley 
Railroad requires 2\ inches additional clearance on the inside of 
cur\'es for each inch of elevation of the outer rail. In addition to this 
tilting effect, the clearance should also be increased on account of the 




Fig. 119. Clearance Dlafrram on Cunres, 
Showing Tilting. 




Fig. 130. Standard Car on Curve, Showing Necessity for Wider Spacing of Trusses. 

length of the cars and their projection over the outer and inner rails. 
Fig. 120 shows a standard car according to the specifications of the 
American Railway Engineering & Maintenance of Way Association, 
in such a position on a single-track span as to show the effect of the 
curve upon the widening of the spacing, center to center of trusses. 
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This car is 80 feet long, 60 feet between centers of trucks, and is as 
wide as the clearance diagram, 14 feet for single track. It is evident 
that the trusses cannot be spaced so as to interfere with the clear- 
ance line of the body of the car and its projecting ends. These 
clearance lines are represented as broken lines in Fig. 120, and are 
marked c-c. Note that the center of the track is seldom in the center 
of the floor-beam. Also, it is evident that the sharper the cun-e, 
the greater the required distance between trusses, and accordingly 
the greater the floor-beams in length. This varies the moment in the 
different floor-beams and therefore makes them more costly. The 
stringers, also, are more costly, on account of the fact that their ends 
are skewed. On account of the eccentricity of the track, one truss 
takes more of the load than the other, and therefore the trusses are 
not the same — a fact which further increases the cost. 

From the above it is seen that almost all conditions incident to 
the building of a bridge on a curve tend to increase the cost; and 
hence a fundamental principle of bridge engineering: Avoid build- 
ing bridges on curves. 

63. Weights and Loadings. For the weight of steel in any 
particular span, and for the loading required for any particular class 
of bridge, see Articles 20 to 23, Part I. The weight of the ties and 
the rails and their fastenings is usually set by the specifications at 
400 pounds per linear foot of track. For highway bridges the weight 
of the wooden floor is usually taken at 4^ pounds per square foot of 
roadway for every inch in thickness of floor. 

Highway bridges are divided into different classes according to 
their loadings (see Cooper's Specifications). The decision as to the 
class to be employed depends somewhat upon the distance to the 
nearest bridge across the same stream. In case the nearest bridge 
is only a few miles away and is of heavy construction, it is not actually 
necessary to construct a heavy bridge at the proposed site, thehea\ner 
traffic being required to pass over the other bridge. In case a heavy 
bridge is not in the neighborhood, then one should be constructed at 
the proposed site. If the proposed site is on a road connecting adja- 
cent towns of large size, then a heavy bridge should be constructed 
and provision made for future interurban traffic, even if none is at 
that time in view, since it will be more economical to do this than to 
erect a new bridge in the future. 
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In the case of railroad bridges, new ones are nearly always con- 
structed to carry the heaviest main line engines. These are usually 
of a class corresponding to Cooper's E 40 or E 50. In some localities 
branch-line bridges are built for the same live loadings; but in the 
majority of cases the branch-line bridges consist of the old bridges 
from the main line. 

64. Specifications, For any particular bridge the specifica- 
tions are either written by the engineer in charge, or some of the very 
excellent general specifications which are on the market in printed 
form are used. Some railroads use these general specifications 
with the addition of certain clauses which are desired bv the chief 
or bridge engineer. The principal differences in these general 
specifications are in regard to the allowance for impact. 

Whenever highway design is mentioned in this text, it is to be in 
accordance with Cooper's Highway Specifications (edition of 1901). 
"^Mierever plate-girder design is given, it is in accordance with Cooper's 
Railway Specifications (edition of 1906); and wherever truss design 
is given, it is in accordance with the general specifications of the 
American Railway Engineering & Maintenance of Way Association 
(second edition, 1906). 

65. Stress Sheet. Before the sections are designed, the com- 
puter makes a skeleton outline of the truss, and on this places the 
dead-load and live-load stresses, and, in case the wind should be 
considered, the wind-load stresses. This is sent to the designer. The 
designer determines the various sections, and also the moments and 
shears in the stringers and floor-beams. These are placed on a sheet 
usually 17 by 23 inches. This is called a stress sheet This sheet is 
now given to the draftsman, who makes a shop drawing. The stress 
sheets for railroad bridges are usually more elaborate than those for 
highway bridges. Plate I is the stress sheet of a highway bridge; 
and Plate II (Article 78) and Plate III (Article 93) are examples of 
the best modem practice in the making of plate-girder and truss- 
bridge stress sheets. 

66. Floor System. Perhaps no part of bridge design is better 
standardized than the construction of the open steel floors for 
railroad bridges. The stringers are usually placed 6 feet 6 inches 
apart, and consist of small plate-girders, or, if the panel length is 
short, of one or more I-beams. I-beams are economical in regard to 
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TABLE XIX 

Safe Spans for I- Beams 

(Baaed on unlt-stresB of 10 000 lbs. per equare inch in extreme fibre) 



o < 


H«2 




IBmiivx Clabs E 40 




Engine Class E 50 




•Bate vpan G U> C of Bearings 


Safe span C to of Bearinf^ 


1 Beam 


2BeaBw 


3Beama 


1 Beam 


2 Beams 


3 Beams 


mA 


|W 


rail 


per rail 


per raU 


per rail 


per rail 


per rail 


9 in 


16 
80 
» 
80 


98 

ua 

119 
U5 




I ft. am. 

6 " 9 " 
6 " 6 •* 
6 " 9 *' 


7 ft. 9 in. 

8 " 9 " 

9 " 6 " 
10 " " 




4 ft. 9 in. 
6 *' *• 
6 " 8 •' 
6 " 9 " 


7 ft. 
7 •' 

7 •' 

8 " 


Oln. 


•* 






*• 


*• 






9 *• 


MO •♦ 


8 ft 


61n. 


8 ft. 


Oln. 


6 " 


m 


168 


4 " 


8 " 


8 " 6 " 


11 •• " 


8 •• 


6 " 


7 *• " 


10 " 


•• 


10 ♦• 


40 


176 


4 •• 


6 " 


9 •• " 


12 " *• 


8 " 


9 •• 


7 ♦' 6 •• 


11 ♦• 


•• 


W* 


81 H 


918 


4 •• 


9 " 


9 •• 8 " 


19 " 9 " 


4 •• 


* 


7 ** 9 ** 


11 " 


8 •• 


12" 


40 


974 


6 " 


9 " 


11 " 6 " 


18 •• 9 " 


4 •♦ 


9 •• 


9 " 6 •' 


12 " 


8 " 


1»*' 


fiO 


«I9 


7 " 


8 " 


12 " 6 " 


16 " 3 " 


6" 


" 


11 " 8 " 


18 " 


6 " 


!»'• 


65 


408 


8" 


6 " 


18 " 9 " 


16 " " 


7 " 


" 


13 " 8 " 


15 " 


" 


15 •• 


49 


448 


7 " 


6 •• 


12 " 9 " 


16 " 6 " 


6 ♦• 


3 •• 


11 " 6 •' 


14 " 


•• 


15 •• 


50 


616 


8 " 


6 " 


18 " " 


16 " 8 •' 


7 •• 


8 " 


12 " 6 " 


15 ♦• 


8 " 


16 •• 


ao 


619 


10 •' 


6 " 


15 " 8 " 


19 •• •* 


8 •* 


9 " 


13 " 6 " 


16 '• 


9 ♦' 


16 •• 


70 


718 


11 " 


6 " 


16 " 6 " 


80 " 9 " 


10 " 


3 " 


14 " 9 " 


18 •• 


6 " 


16 '• 


80 


774 


12 " 


" 


17 •• 3 " 


21 " 6 " 


10 " 


9 " 


15 " 8 •• 


19 " 


8 '• 


J8" 
18 •• 


65 


800 


11 " 


" 


16 " " 


90 " " 


9 " 


6 " 


14 •• " 


17 ** 


9 " 


66 


800 


11 " 


9 " 


16 " 9 " 


20 " 9 ** 


10 " 


6 " 


15 •* •• 


18 •' 


9 " 


18 " 


75 


1098 


19 " 


6 " 


18 " " 


92 " 6 " 


11 " 


6 •' 


16 " *• 


20 •• 


'• 


18 »♦ 


80 


106S 


12 *• 


" 


18 " 9 " 


28 " " 


11 " 


9 " 


16 •• 6 " 


20 •• 


6 " 


18 ♦* 


90 


1188 


18 " 


6 " 


19 " 6 " 


24 " 6 " 


12 " 


8 " 


17 •• 6 *• 


21 " 


9 •' 


90 ♦• 


66 


1 180 


19 " 


9 •' 


18 *• 9 " 


28 " " 


11 " 


6 •• 


16 •• 6 " 


20 " 


9 " 


90 »• 


76 


1977 


13 " 


8 •' 


19 " 6 " 


84 " " 


12 •* 


" 


17 '• 3 " 


21 •• 


3 •• 


90 ♦• 


86 


1453 


14 " 


8 " 


21 " " 


26 " •• 


12 " 


9 •• 


18 '• 6 " 


23 " 


" 


90 •• 


90 


1509 


14 " 


6 •' 


21 •• 8 " 


26 " 6 " 


18 '• 


'♦ 


18 " 9 *• 


23 •• 


3 " 


90" 


100 


1660 


16 " 


8 " 


22 " 8 •• 


28 " '* 


13 •• 


6 •' 


19 " 9 " 


24 •• 


6 '• 


94" 


80 


9119 


15 " 


" 


28 " " 


29 " 8 " 


14 •• 


•' 


20 •• 6 " 


25 •• 


9 •' 


94 " 


86 


9189 


16" 


" 


28 •' 9 "■ 


29 " 9 " 


14 " 


6 •' 


81 •* •* 


26 '• 


3 •• 


94 " 


90 


9866 


17 " 


" 


24 " 6 " 


80 " 9 '• 


14 •' 


9 '• 


21 •• 6 •♦ 


27 '• 


3 •• 


94 " 


96 


9 497 


17 " 


8 " 


86 " • 


81 •• 6 " 


15 •• 


•' 


22 •• " 


27 " 


9 •• 


94 " 


100 


9 497 


17 " 


6 " 


28 " 8 " 


82 " " 


15 " 


3 •• 


22 *• 6 ** 


28 •• 


•• 
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first cost, but are disadvantageous on account of the eccentric con- 
nections which necessitate heavy brackets to resist part of their re- 
action. They are also somewhat undesirable on account of the fact 
that, the ties deflecting, most of the load is carried by the inner 
I-beam. However, I-beams for stringers and for short-span bridgi\s 
(see Fig. 121) are much used in present practice, and give good re- 
sults. Figs. 121 to 127 show the standard open floor sections of the 
I^high Valley Railroad. Table XIX gives the required number of 
I-beams, together with their weight, which are to be used for short- 
span bridges or as stringers in panels of given length. 

Solid floors consist of angles and plates, channels and plates, or 
other shapes. They extend transversely across the bridge from truss 
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Fig. 121. Ssectional View Showing Open-Floor Construction of 

Railroad Bridge of Short Span, single.Track. I-Beams 

used for Stringers. Lehigh Valley Standard. 




+ 



6*-6"- 



4 



Fig. 122. Section of Open-Floor Construction of l>eck-Glrder 
and Truss Bridge, Single Track. Lehigh Valley Standard. 
^ Plate-Girders used for Stringers. 

rec'tly upon the steel floor, and the ballast put 



to truss, the lower 
chords, in case of 
truss bridges, be- 
ing made heavy 
enough to act as 
girders as well as 
tension members. 
Figs. 128 to 130 
show sections of 
solid floors. The 
ballast is laid di- 
rectly upon these 
solid floors, which 
are first covered 
with a good damp- 
proof paint. The 
floors should also 
be supplied with 
good drainage fa- 
cilities. 

Concrete is 

sometimes laid di- 

upon tliis concrete, 




Fig. 123. Floor Construction of a Through-Girder Bridge, Single Track. 

Lehigh Valley Standard. 
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which has previously had a 
layer of some good yh terproof- 
ing applied on its upper sur- 
face. 

67. Practical Considera- 
tions. The possibilities of the 
rolling mill and the various 
shops of a bridge company, 
such as the drafting room, 
foi^, foundry, templet shop, 
assembling shop, and rix-eting 
and finishing shop, and also 
the shipping and erecC'rg facil- 
ities, should be well known in 
order to make the most eco- 
nomical use of them. This 
re(|uisite knowledge comes 
only from experience. The 
best way to obtain this experi- 
ence without being actually 
employed in the shops, is to go 
into the shops every chance 
that presents itself, keep your 
eyes and ears open, and ask all 
the questions you can. Tlie 
use to be made of handbooks 
of the various steel manu- 
facturers is given in Part I 
of "Steel Construction," and 
should be thoroughly studied 
before going further. Some 
one of these handbooks is in- 
dispensable to persons design- 
ing steel structures. That of 
the Carnegie Steel Company 
(edition 1903) is one of the 
best, and will be frequently 
referred to in the present text. 
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Copies may Ix* procured from the Carnegie Steel Company, Frick 
Building, Pittsburg, Pa. The usual price to students is 50 cents, 
to others ?2.00. 

DESIGN OF A PLATE-GIRDER RAILWAY-SPAN 

OS. The Masonry Plan. In some cases the general dimensions 
of the masonry are limited; such a case, for example, would occur in 
the crossing of a street or narrow waterway. Hen* the length of the 
span and the distance alK)ve the street or the surface of the water, 
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Fitf. 129. Solid-Floor Construction of Platfs and Anjrles. 

arc the limited dimensions. The span and under-clea ranee may l)e 
unlimited, as hi the cast^ of a country stream crossed bv a n)adwav 
which is a considerable distance al)ove the surface of the water. 
The term unlimiicd is not here used in its exact meaning, as the s|)an 
in this case is really limitcMl by the cost, which rapidly increases with 
the length of the span. 

In some cases, as when the engineer is in a bridge office, the 
masonry plans are st»nt in by the railroad. In such cases many of the 
limited dimensions are fixed. The most usual dimensions to Ih» fixtxl 
arc the elevation of bast* of mil, the elevation and size of the bridge 
seat, and the length of the span imder coping. These limit the 
depth of the girder, or the depth of the floor if it be a through 
ginler, and also limit the length of the bearing plates at the end. 
Fig. 131, the masonry plan of a rojxd cn)ssing, shows in giMieral what 
can 1k» expc»cted. All the dimensions usually fixed are given, and those 
marked x and;/ may or may notK', but j* should never be less than 
3 feet. 

()9. Determination of the Class. As l>efore mentioned, the 
deck plate-girder should be usimI if jK)ssil)le, since its cr).st is less. 
There are some cases, however — such as track elevation in cities — 
where the additional cost nKpiired to elevate the track so as to use a 



:•••: •:• ' • : 

' • • • • • • • 

• • • • • • 



BRIDGE ENGINEERING 



147 



deck plate-girder will more than balance 
the saving in its favor. In such cases the 
through plate-girder is used. 

The case whose design is under con- 
sideration will be taken similar to that of 
Fig. 131, and the span will therefore be a 
deck one. 

70. Determination of the Span, Cen- 
ter to Center. P'ig. 132 shows the various 
spans — namely, under coping, center io cen- 
ter of end hearings, and over all. The spjin 
under coping is that span from under cop- 
ing to under coping lines of the abutments, 
and is so chosen as to give the required dis- 
tance betwiH^n the abutments at their base. 
The span center to center is equal to the 
span imder coping plus the length of one 
bearing plate. The span over all is the 
cxtnmie length of the ginler. The length 
of the bearing plate is influenced by the 
width of the bridgi* seat, and also by the 
maximum reaction of the girtler. Tlie 
length should seldom be greater than 18 
inches and never greater than 2 feet, as 
the deflection of the ginler will cause a 
gn*at amount of the weight to come on the 
inner edge of the Waring plate and also on 
the mason rv, in which case the masonry is 
liable to fail at that jx)int and the bearing 
plates an* over-stressed. 

Cast-steel Ix^arings are now almost 

universiiUy usihI. They decrease the height 

of the masonry, and distribute the pressure 

mon* evenly and for a grt*ater distance 

over the bridge seat. \Mien these castings 
an* usckI, the Ixniring an*a Wtween them 

and the ginler may l)e made quite small, 

thus doing away to a great extent with the 
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deteriorating effect due to tbe dctlection of tlie girder as mentioned 
above. Fig. 133 shows tlie end of a girder equipped with a cast- 
steel pedestal. Tatile XX gives the lengtli of the lieiiring on the 
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Fig. 131. Masonry Plau of a Hind Cros^lUK. 
masonry for various spans. Cooper's E 40 loading l)eing used and 
cast-steel pc<lestals l^eing employed. 

TABLE XX 
Len^h of Masonry Bearings 



15 to 


■-'J f. 


afi to 


44 ■ 


4S to 


m ■ 


70 to 


711 • 


SO to 


8!l ■ 


00 to 115 ' 



As »n example, let it W' re(|uired to <!eterminc the span a-nter 
to ivnter of a deck plate-girder of (iO-foot s|Hin under coping, the 




Fit;. 133, Diagram Sbnwlui; Various Sp;LU^ 
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loailing Ueiiig E 41). From Table XX it is seen that the length of 
the masonry Ixaring will be 21 inches, and therefoiv the span center 
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to center of beai:iiigs will be (M + 2 X (i X 1 ft. ft in.) = 61 feet 
9 inches. 

In Articles 71 to 77 the above girder will bo designed ; and also 
such information as is of importance regarding the subject-matter 
of each article will be treated. The dead- and live-load shears are 
computed by the methods of Part I, and are given in Fig, 134. 

71. Ties and Guard-Rails. The length of ties for single-track 
bridges JslOfect. 




CMt-Steel Fe<leat»l. 



tice to limit the length of the ties on double-track bridges to 10 feet, 
since, if they extend into the opposite track in any way whatsoever, 
unnecessary expensi- is incurred whenever re[>air5 or renewals are 
made, because both trucks must necessarily be disturbed to some 
extent. 

The size of the ties varies with the weight of the engines and the 
s]>acing of the stringers or girders on which tliey rest. They are 
usually sawed to size instead of hewn, and the following sizes may i>e 
purchased on the open murket^namely, 6 by f<, 7 by ft, 8 by 9, !) l>y iO, 
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and 10 by 12 inches. Larger sizes may \ye obtained on special order 

The elevation blocks (see Fig. 127) should be of length to suit the 
width of the cover-plates and the spacing of the supports. They are 
usually made of the best quality of white oak, since the cost of renewal 
is great enough to demand that they be made of material as permanent 
as possible. 

The guard-rails should be placed in acconlance with the specifica- 
tions (see Articles 13 and 14). Some railroads specify that the guard- 
rails shall be in 24-foot lengths unless the bridge is shorter than 24 
feet, in which case one length of timber should l)e used. For method 
of connection and other details, consult Figs. 121 to 127. The 
guard-rails and the ties are usually made of Georgia long-leaf yellow 
pine, prime inspection. Other wood, such as chestnut, cedar, and 
oak, may be used. 

In addition to the wooden guard-rail, a steel guard-rail usually 
consisting of railroad rails is placed within about 8 inches of the 
track rail. 

In designing ties, the problem is that of a simple beam symmet- 
rically loaded with two equal concentrated loads, the weight of the 
rail and tie itstOf usually being 
neglected. For the case in hand, 
which is that of a deck plate- 
girder, loading E 40, the con- 
centrated load for which the tie 
must \)e designed is, acconling 
to Specifications (Article 23, 3d 

part ) , 8 333 pounds. Acconling ^'^- »«^- ^ISI'lll^^SiraJ^^B^i^^^^^^^ ^'' ^' 
to Article 23, 100 000 pounds is 

on four wheels. This gives 25 000 pounds on one wheel, and ac- 
cording to Article 15, one-third of this, or 8 333 pounds, will come 
on one tie. Fig. 135 shows the condition of the loading, the space 
center to center of rail l)eing taken as 4 feet 10 inches. Some 
designers take this distance as 5 feet ; but as the standard rail head 
is about 2 inches, and the standanl gauge 4 feet SJ inches, the distance 
here taken seems to In* the more logical one. 

The formula to l)e us(h1 in the design of this beam is that given 

SI 
in "Strength of Materials/* and is M = — In this case 3/= 10 X 
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8 333 = 83 3;«) pound-inches. In tlie above formula, 7 = 6<P^ 12, 

Substituting the value 
of the moment in the above formula, and sohuig for S, there results: 



and c = d -T- 2, and therefore - = - 

c 6 



.S = 



409 980 



For a 6 by 8-inch tie, the unit-stress would then be: 

499 980 



S = 



6 X 8^ 



1 310 pounds. 



If a 7 by 9-inch tie is used, the unit-stress is found to be 880 pounds. 

Since according to Article 15 of the Specifications, the unit-stress 

cannot be greater than I 000 per 
squan* inch, it is necessary to use 
a 7 by 9-inch tie. If the engine 
loading had been E 50, the mo- 
ment would have l)een 100 000 
pound-inches, and then the stress 
in a 7 by 9-inch tie would l^e 1 OfH) 
pounds per square inch, and the 
stress in an 8 by 9-inch tie would 
be 930 pounds, which would neces- 
sitate the use of the latter. 

The guard-rails on this bridge 
^^^ll be placed according to the 
Ixjhigh Valley standanl, and hence 
their inner face will be 4 feet IJ 
inches from the center of the 
track. 

I^levation blocks will not be 
HMjuired, as the bridge is on a 
tang(»nt. 
72. The Web. The economic depth of the web, according to 

Article 59, Part I, will hv: 




Fig. 138. Knd Rivets Transferring Shear 

to Web. 



01 ft. 9 in. 



v,o = 72.5. 



I^^-Pt^ - y ()()5 X (\\ ft. 9 in. 4 0.543 

The depth might l)e taken as 72 inches, but 74 inches will be decided 
upon, as this will decrease the area of the flange and also will not 
affect the total weight to any gi-eat extent. The unit-stress for shear 
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is 9 000 pounds per square inch (see 
Specifications, Articles 40 and 41). 

The maximum shear in the ginler 
occurs at the end, where it is 117 800 
pounds. The area required for the web 
is then 117 800 -J- 9 000 = 13.00 scjuare 
inches, and the required thickness is 13.09 
-^ 74 = 0.177 inch. This latter value 
cannot be used, since, on account of Ar- 
ticle 82 of the Specifications, no material 
less. than f inch can be used. The web 
plate will therefore be taken as 74 in. by 
I in. in size. 

Some engineers insist that the net 
section of the web should be considered. 
Consider Fig. 136, the shear being trans- 
ferred to the web by the end rivets. The 
web ^ill not tend to shear along the 
section B-B, in which cast* the rivet-holes 
should be subtracted; but it will shear 
along section A-A, a section which is 
unaffected by the rivet-holes. The web 
splice should come at one of the stiffeners, 
and will therefore be considered in Arti- 
cle 76. 

73. The Flanges. This portion of 
the girder is usually built either of two 
angles or of two angles and one or more 
plates. In heavy girders where the flange 
areas are large, additional area is Qb- 
tained by using side plates or side plates 
and four angles. Sometimes two chan- 
nels are used in the place of side plates 
and angles. Fig. 137 shows the different 
methods of constructing the top flanges 
of girders. ITie lower flanges are usually 
of the same construction. Fig. 137 h has 
the web extending beyond the upper sur- 
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faces of the upper flange angles. This is done in order that the 
ties may be dapped over it, and thus prevent the labor usually 
required for cutting holes in the lower face of the tie in order to 
allow for the projecting rivet-heads. Fig. 137 </ is usually uneconom- 
ical, since the thinness of the channel web requires a great many 
rivets to sufficiently transmit the shear from the web to the flange, 
and also since the cover-plates must be very narrow. 

Specifications usually state that the flanges shall have at least 
one-half of the total flange area in the angles, or that the angles shall 
be the largest that are manufactured. The largt^st angles are not 
usually employed, since their thickness is greater than three-quarters 
of an inch and therefore the rivet-holes must Ix? bored, not punched. 
The reason for this is that the depth of the rivet-hole is too great hi 
proportion to its diameter, and on this account the dies used for 
punching frequently break. Also, the punching of such thick material 

injures the adjacent metal, which 

Btorlcss ..,.%^^^ makes it undesirable. In reality 

M not over 5', /30t or less .,.11; 

vJpr^-1 ^ ^■> ^ ^-N the flange jirt»a of only the snort- 

'^ I I I 1 span ginlers is small enough to 

allow the flange area to be taken up 

by the angles. 

In choosing the thickness of the 

cover-plates, care should be taken 

so that the outer row of rivets will 

Fig. 138. Diagram Showing Relation be- "^^ ^^^^^^ ^^^Ser tO the OUter edge 

'"*"?n?k'S\':f^K7mr"'^^ of the plate than eight times the 

thickness of the thinnest plate. In 
case eight times the thickness of the plate is greater than 5 inches, 
then 5 inches should l)e the limit. Also, the distance between the 

inner rows of rivets should not exceed thirtv times the tliickness of 

* 

the thinnest plate. These limitations are places! by Article 77 of the 
Specifications, and Fig. 138 indicates their significance. 

The determination of the required flange area depends upon the 
distance between the centers of gravity of the flanges; and in order 
to determine this exactly, the area and composition of the flanges 
should be known. The above condition rc»quircs an approximate 
design to Ik* made, the supposition lH*ing that the flanges consist of 
two angles and one or mort* plates as shown in Fig. 13S. 
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The distance baek to hack of angles will \)e taken as 74 + 2 X 
I = 741 inches. Article 74 of the Specifications reqiwres -i\ inch; 
but J inch is better practice, since the edges of the web plate are very 
liable to overrun more than j ^ inch. Some specifications require 
i inch. 

In the computation of the approximate flange area, the center 
of gravity of each flange will be assumeil as one inch from the back 
of the angles. The approximate effective depth is then 74} less 2 
X 1 inch, which equals 72J inches. ^Ilie approximate stresses in 
the flange areas are : 

For (lead load, — '- — ,^^ = 45 600 pounds. 

_, ,. , .,1.S40 000 X 12 ooooAo i 

For livo load,] — .;^ -^ = 222 000 pounds. 

The approximate flangi* areas are now obtained by dividing 
these amoinits by the allowable unit-stresst\s for dead and live load, 
which art^ (s(v Specifications, p. S, Article 31): 2()0(K)and 10 (KK) 
pounds jx?r scjuare inch wspectively ; and the rt\sulting areas an*: 

For dead load, ^- = 2 . 28 scjuare inches. 

For live load, ^ = 22. 20 square inches. 

xu uuu 

These amounts give a total of 24.4S s(juare inches as the appn)ximate 
net flange an»a rt^quirtnl. 

It will be assumed that one-half the total area, or 24.4S -r- 2 = 
12.24 square inches, is to l>e taken up by angles. Tf 12.24 sq. in. 
is distributed over two angles, then 12.24 -^ 2 = r).12 squart* inches 
is the net area for one angle. Of course* it is not to l)e assumed that 
the area of the angle chosen must Ik* exactly 0. 12, but that this 0.12 
scjuare inches is the appn)ximate an^a of the angle to l>e chosc»n, and 
the net art»a of the angle (si*e Spi^cifications, Article 149) must not l)e 
2\ jxT cent less thnn this, although it may Ik* gn^ater. 

Fn)m Ste(»l Constniction, Part I, Table VTI, or fnnn the Car- 
negie IIandl)ook, p. 1 17, a by by J-inch angle gives a gmss arc»a of 
8.44 s(juare inches an<l a net area of S.-t4 — 2 X f.s + i) X J = 
G.94 scjuan* inches, J-incli rivets InMiig use<l and so .spacer! that two 
rivets art* taken out of (»ach angle (s(v SjK^cifications, Article 03, 
and Fig. 139). AG by 4 by } g-inch angle, giving a gmss an»a of 
7.47 and a net area of 0.00 square inches, one rivet-hole being out, 
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Ftp. 139. CalcMiIallon of Size of Anples 
and Cover- Plate. 



could have Ik'Cii used, but } I inch is too thick to punch, and there- 
fore tlie ahov«» angle is chosen. 

The required net area of the cover-plate is now found to l>e 
24.48 - 2 X 0.04 = 10.60 squan* inches. Since tlie legs of the 
angles art* 6 inches and the thickness of the web is l inch, tlie outer 

e<lges of the angles are 12 J inches 
aj)art; and since the cover-plate 
must extend somewhat over the 
edges of the angle, and the width 
of the cover-plate should be in the 
even inch, the width of the cover- 
plates must hi* at least 14 inches, 
as shown in Fig. 1 30. 

On account of the 1-inch rivet- 
holes to l)e deducted, the real or 
net width of the cover-plate is: 2 X n + //i -^ 14 — 2 X 1 = 12 
inches. The thickness of all the cover-plates at the center is now:. 

t -- .., - - O.SS.'iinoh — say, />jin(Mi. 

A thickness of J of an inch is decided upon, for tlu* n^ason that plates 
are rollctl onlv to the nenrest sixteenth of an inch. 

The approximate section at the center has now lx»en determined, 
and is: 

2 Anji:les (\ l)y by }-inch = 13.88 sq. in. net. 
Cover- plates I inch thick = 10.50 sq. in. net. 

Total - 24.88 sq. in. net. 

Tliis approximate section must now be examincnl, and, if it shows too 
great an excess or a de- ^ ^g^^.. ^^^^ 

ficiency, must be nni.sed. 
In order to deter- 
mine the effective depth 
tKe distance In^tween the 
centers of gravity of the 
flauixcs must first !h^ com- 
puted, the gross areas be- 
ing used. TheoR^tically, perhaps, the net areas should be used; 
but this is an unnecessarv refinement, since the effect on the final 
result is of no practical importance. 
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In computing the center of gravity (see Fig. 140), the axis is 
taken at the center of the cover-plates, as this reduces the moment of 
the cover-plates to zero. The distance of the center of gravity of the 
angles from their back (Caniegie Handl)ook, p. 117, column 6) is 
1 .78 inches. The distance of this center of gravity from the center 
of the cover-plate, is 1 .78 + 0.S75 ^ 2 = 2.22 inches. 

dross aroa of the anglo.s =- 2 X 8.44 == lO.SSsq. in. 
'' '• " cover-plates =.. J x 14 = 12.25 sq. in. 

Total = 29.1.3.sq. in. 

The center of gravity is now found to be 16.88 X 2.22 -r- 29.13 = 
1.286 inches from the center of the a)ver-plate, and 1.286—0.875 
-h 2 =^0.848 inch from the hack of the angle. The effective depth 
h, is 74.25 - 2 X 0.848 = 72.554 inches, and the required flange 
areas an*: 

275 000 X 12 



=^ 2.272 sq. in. for dead load. 
- 22.200 sq. in. for live load. 



72 . 554 X 20 000 

1 840 000 X 12 
72"! 554 X 10(K)0 

Total - 24.472 sq. in. 

The vahies of the moments, as taken fn)m the cur\'es, must Ix* mul- 
tiplied by 12 in orrler to reduce them to pound-inches. 

A total of 24.86 square inches is given by the section appmxi- 
mately designed, and the difference lx*tween that and the sc»ction as 
above determined is : (24 . 472 - 24 . liS) h- 24 . 472 = . aS piT cent, 
and as this is less than 2.V per cent (see Specifications, Article 140), it 
may hv. used without any further change. If there should have Ix^en 
a deficiency or an excess greater than 2^ per c(»nt, then it would have 
l)een necessary to revise. In case a revision of section is neces.sary, the 
size and thickness of the angles generally remain the same as those 
taken in the approximate design, the thickness of the cover-plates 
being decreased or incn^ased as the case may 1k\ 

ITie total thickness of the cover-plates, ; inch, is too thick to Ih» 
punched. In such cases as this, the section is made up of two or more 
plates whose total thickness is e(|ual to that re(|uired. If plates of 
more than one thickness are decided upon, then their thickness 
shoidd decrease fn)m the flange angles outward. For the case in 
hand, one plate s inch thick and one plate I inch thick will be decideil 
upon. ITie flange section at the center as finally designed is: 
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2 Angles G by G by j in. 
1 Cover-plato 14 by § in. 
1 Gover-plato 14 by J in. 



Total 



Nkt Sr.cTioN' 



13.88 sq. in. 
4.50 " 
6.(K) " 



24.38 



4 < 



Gk«>hh Skction 



ir).88 sq. in. 
r> . 2.> 
7.00 



< i 



29.13 



4 < 



^rhe above is the section reciuinnl at the center of the girder; 
for any other point it will Ik* less, decrt*asing toward the end, where 
it will hQ zero. Evidently, then, the c<jver-plates will not Ix) retjuireil 
to extend the entire length. Tlie following analysis will determine 
when* they .should Ix* stopped. If the load were uniform, the moment 




Fig. HI. Diagram Showing Curve of Uwqulreil Flaugo Areas. 

curve would Ix^ a panilx)la. Although under wheel loading the cur\T 
of moments is not a paralx)la, yet it is sufficient for practical pur{K)ses 
to considtT it as .such. The curve of flange art»as, like that of moments, 
is to Ix' considered a |)aralx)la (see Fig. 141). 

Let «j = Net area, in sc|uare inches, of the outer cover-plate; 

a., ■^-- Net area, in scpiarc inches, of the next cover- plate; 

<?;,, etc. ^ Net area.s of the oth(?r cover-plates; 

A = Net area of all the cover-plate.*? and the flange angle. 
Then, from the proj)erties of the parabola, 



L-/ 



la 



\ 'A 



where fj = Length of cover-plate in (piestion; 
I = Length of span, center to center; 
a = Net area of that cover-plate and all above it ; an<l 
A ^ Total net area of the flange, J of the gross area of the web not being 
considered in this quantity. 
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The lonjcths of tht» rovor-pliitcs for tho Kortioii almvo liosij^ned (sop Fip. 141) 
arc: 

L| - G1.7r) J ^Yu^ = 2G'*''> feet. 

- ^, -^ / 4.50 + 6.(K) ,^^^, , 
L2 = G1.75 ^ ^ "^4 Tu "" "^^-^^ ^^^** 

One foot is usually added on each end of the cover-plate as theoretically 
determine<l above. The results are also usually rouniled off to the nearest 
half-foot. This is done in order to allow a safe margin because of the fact 
that the curve of flange areas is not a true parabola. The final measurements 
of the cover-plates are: 

14 in. by J in. by 28 ft. 6 in. long. 

14 in. by i in. by 42 ft. 6 in. long. 
In most cases the cover-plate next to the angle on the top flange only is 
made to extend the entire length of the girder. Although this is not required 
for flange area, it is done in order to provide additional stiffness to the flange 
angles toward the ends of the span, and to prevent the action of the elements 
from deteriorating the angles and the web by attacking the joint at the top 
(sec broken lines, Fig. 141, for length of first cover- plate extended). 

EXAMPLES FOR PRACTICE 

1. The dead-load moment equals 469 000 pound-inches; and the live- 
load moment, 4 «'>22 000 i>ound-inches. Design a flange section entirely 
of angles, if the distance back to back of angles is 45^ inches. 

2. The dead-load moment is .S 340 000 pound-inches, and the live- 
load moment, 21 235 000 pound-inclies. Design a flange section using 6 by 
6-inch angles and three 14-inch cover-plates, the distance back to back of 
flange angles being 78 J inches. 

3. In each of the above cases, design the flange section considering 
that 1 of the web area is taken as effective flange an^a. (For demonstra- 
tion of the methods to be employed in the solution of this problem, see the 
succeeding text.) 

A\1nle the section of a plate-ginler is composite — that is, it con- 
sists of ctTtain shapes jointnl together, and is not one s(jli(l piect* — 
nevertheless tliesc* shapi*s are joined so securely that the sc*ction may 
l)e considered as a solid one and its moment of resistance computed 
acconlingly. Tx*t Fig. 142 1h» considercHl. 

The moment of rt\sistance of the s(*ction is: 

M = ; « 



in the derivation of which the moment of inertia of the flange about 
its own neutral axis is considered as zero, and .1 e(]uals the net area of 
one flange. Now^ as the values of h^ and h seldom differ by more 
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than one inch, for all practical purposes they may be considered as 
equal. The alcove expression then reduces to: 

M = S X h(^A + '^^1 ) 

= S X h (not aro:i of flan^o H- ono-sixth gross area of vivh) 

Since the rivet-holes decn^ase the moment of resistance of the 
web, one-sixth of the gross an*a cannot be c()nsi<lere(l,as is theort^ti- 

cally indicated in the alxne formu- 
la. It is connnon practice to take 
one-eighth, instead of on(»-sixth, of 
the gross web area. Substituting 
this value in the alnne ecjuation, 
and transix)sing, then* ivsults: 

M 
Area of flange -}- i gross wcl) arra ^-- ' • 

llie flange si^ction will now 1k» 
designed for the moments pn^viously 
given, considering I of thcgn)ssweb 
area as efficient in withstanding the 
UKmient. 

The gross area of the w(»b is 
74 X s = 27.75 sr]uan* niches; and 
i of this is 3.47 squariMnches. The 
total aj)proximate amount of flaiigt* 
area required is, as in the first case, 
24. 4S scjuare inches. 

Acconling to the above formula, 
J of the web area, or 3.47 stjuan^ 
inches, mav be considennl as flangi* 
area, and then^fon* 24.48 — 3.47 - 
21.01 s(|uare inches, is the appn)xi- 
mate area of the angles and cover-plates of the flang(\ The n\>- 
pn)ximate area of one angle is then 21 .01 -^ (2 X 2) = r>.^r) scjuare 
inches. A (> by by i%-inch angle gives the gross area of 0.43 scjuare 
inches and, two rivet-holes being deducted, a net area of r)..'tt)5 
square inches (see "Steel Construction," Part I, Table VIII, or 
Carnegie IIandl)ook, p. 117). As this is quite close to the approxi- 
mate area determined above, this angle will be taken. The ap- 
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proximate area of the cover-plates is 21.01 — 2 X 5.305 =10.40 
square inches. As before, the gross width of the cover-plate will 

he taken as 14 inches. The thickness is then -- — ^^- -- 

14-2(J + i) 

= 0.867 inch — say | inch. 

The gross area of the angles being 12.86 square inches, and that 
of the cover-plates 12.25 square inches, the center of gravity of the 
section is found, by a method similar to that previously employed, 
to be 1.10 inches from the center of the cover-plate, or 1.10 — 0.438 
= . 662 inch from the back of the flange angles. This makes the 
effective depth 72.93 inches. 

For this section, the true live-load flange stress is (1 340 000 X 
12) -h 72 . 93 = 221 000 pounds, and the actual dead-load flange stress 
is (275 000 X 12) -^ 72.93 - 45 400 poimds. The actual areas 
n^fpiired for the live and dead load are 22. 10 and 2.27 square inches, 
which an^ obtained by dividing the al)ove flange stresses by 10 000 
and 20 000 pounds, respectively. The total required area is the sum 
of tlu» two areas alxwe, and is equal to 24.37 square inches. The 
total aiva refjuiixnl in the flange* angles and cover-plates is therefore 
24.37, less J the gross area of the web, 3.47, which leaves 20.90 
squan* inches. The same angles as decided upon l)efore will l)e use<l. 
This gives a recjuired area for the cover-plates of 20.90 ~ 10.61 = 
10.29 square inches. The requir(»d thickness is then 10.29 -^ (14 
— 2) = 0.857 — say J inch. The following section of the flange will 
therefort* be deeideil upon: 



8hai>k 


Net Skct] 
10.01 sq. 


ION 


Groh8 Section 


2 Angles 6 in. by 6 in. by i\ in. 


in. 


12.86 sq. in. 


1 (\)ver-plato 14 in. by j- in. 


4.r>o " 




5 . 25 * ' 


1 Covor-pUito 14 in. by \ in. 


(> . 00 ' ' 




7.(H) '' 


Total - 


21.11 " 




2.-). 11 •♦ 



As the total net area al)ove is within 21 pcv cent of the recjuired net 
area, that section will Ih» taken (s<*e Sjx^cifications, Article 149). Note 
that in this case, the thickness of the cover-plates in the final design 
is the same a^s that determined in the preliminary design. 
Also note that the total net area is alx)ut 4 square inches, or 20 per 
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cent, less than in the flange as first designed, in which case none of the 
area of the wel) was considenxl as withstanding the l)ending moment. 
- The i-inch cover-plate on the top flange will extend the entire 
length of the grider, and is therefore 02 feet 9 inches long. The 
lengths of the other cover-plates are: 



/'i().r)0 



For J-inch plate at the })ottom, L = 01 .7') v .-- ■ = 11^ . 5 feet. 
For each i-inch plate, L = 61.75 -v , ^ = 28.5 feet. 

* •• A . 1. 1. 

One foot should be added to each of the alwn'e lengths at each end, 
thus making the total lengths 45 feet (> inches and 30 feet G inches, 
respectively. 

EXAMPLES FOR PRACTICE 

1. If the span is 63 feet ecnter to center, compute the length, of the 
cover- plate. The section consi.sts of two angles 6 by G by J in.; one cover- 
plate 14 by i in.; and one cover-plate 14 by Jj^ in.; two rivet-holes being taken 
out of each angle and each cover-plate. 

2. If the span is 87 ft. 9 in. center to center, compute the length of the 
cover-plate if the flange consists of two angles by by } in., and four cover- 
plates 16 by ^fi in., two rivet-holes being taken out of each angle and each 
cover-plate. 

In determining the area of plates, the tables in the Carnegie 
Handl)ook, pp. 245 to 250, are c*onvenient. In order to obtain plates 
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Fig. 143. DlaRram Illn<«tratlnjr Transft»rencc of Shear from Web to Flangos by Rivets. 

whose widths are greater than 12J inches, s(h* the note in the right- 
hand column on page 250, Carnegie Handl)ook. For another pres- 
entation of the above subject-matter, see **Steel Construction," Part 
IV. pp. 252, 254, and 201. 

The spacing of the rivets in the flanges is a matter of considerable 
importance; the shear is transferred fn)m the web to the flanges, 
where it becomes flange stress This is done by the rivets, each rivet 
taking as much flange stress as is allowed by the Sjiecifications. The 
conditions are similar to those shown in Fig. 143, when* V represents 
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an object cxtTting a [niU on a loufj, thin platf .1 - A whidi lias, at 
various points along tliis li-ngtii, small oltJL-cts F attiiclH-d to it by 
mi<ans of [X'gs r-r. Those small o))jects F hold tin; plate .1- .1 in 
c(]uilibrinm. Here I' ivpreseritM the shear which tends to cause the 
movement; .1 - .1, the web; r- r, ihe rivets; and 2F the amount of 
flange stn'ss taken by eiich rivet. 

At section c-c the total amount in the web to Ik trans- 
f:irme<i is 2F; at section h~h 
it is lOf. l-'mm this it is seen 
that enough rivet-* r-r must W: 
pnt in Ix'tweeii the si-ct ions b- 
b and c-c to take np !()/■" — 
2^ = 8F; hence it is pmvetl 
that the rivets l>etwecn any two 
sections of the flange fake up 
the difference in flange stress 
between those two sections. 

The discussion just (pven 
will l>e tlic means of giving us the 
nunil>er of rivets rtHjuired l>etwcen 
give UH the rivet spacing l>etw 




Fig. ttt. DelermlDatlon or 



Rpaclae- 



■etions; but it dws not 
1 these two sectious. Iti oriler tc» 
determine the rivet spacing at any particular point, the following 
analysis is prcsentcd (set; Fig. 144). 
Li't -V, ■= Moment at one section; 



.1/, " MoniMit at another soctio 



■r center of girtler than the section 



8 ^- DiHtai)?e between the two Beetions; 

H - Number of rivets between the two Bections. 



- ! ^_ Flan"e slress ilue to moment Af,; 

A, 

_ _' :^ Flange stress tine to moment .1/,; 

^'i _ ^h ^ Diffcrenee of native stress l.e(«ivii Hie (wo seelions; 
h, I'.. 

(Hj- ' ^ ^ V ^ n, Number of rivets required in spate a. , . (^ I ) 
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If the above sections l)e taken close enough together so that 
the numl)er of rivets reijuirtH:! will be 1 (that is, n =^ 1), then V 
can be considenxl sis constant between the two sections, and then 
the moment J/j = J/j + Vif (see Article 44, Part I). Substituting 
in Equation 1, al)ove, then.* results: 

from which, 



s — 



V 



Hr "TF 




Jti 



Fig. 115. Determination of Klvet 
Spacing. 



which is the formula for the rivet spacing in the vertical parts of the 
flanges of any girder, providing the flange is not subjected to localized 

loading. It is to W used for the rivet 
spacing in both the top and lx)tt()in 
flanges of through girders, but not in 
the fop flanges of deck plate-ginlers for 
milroad service. It is to l>e uschI, how- 
ever, in the hoiiom flanges of deck plate- 
ginlers for railn)ad service. The dis- 
tance /te is not onlinarily used, the 
distance Ix^tween rivet lines Inking use<l 
instead (se(» Fig. 145). The rivet spcacing 
in the cover-plates and horizontal legs of 
the angles is made to stagger with that 
m the vertical legs, and usually the staggi'ring is with every other rivet 
in the vertical flange. I'he term aiiujifcr signifies that the rivets in 
the top flange are not placed op{)Osite the rivets in the vertical legs 
of the flange angles — or, that in case there are two Hues of rivets 
in the vertical legs of the angle, a rivet near the outer edge of the 
cover-plate is placed in the same section when* a rivet occurs near the 
lower edge of the vertical legs of the angle, and vice centa, 

EXAMPLES FOR PRACTICE 

1. Detcrmino the rivet spacing at a st?rti()ii whero the shear is 1 47 200 

pounds, the value of one rivet 1 920 pounds, and the elTective depth of the 

section 84} inches. 

Axs. 2.82 inches. 

2. Determine the stress on a rivet at a section where the shear is 

299 400 pounds, the spacing 2\ inches, and the elTectivc depth of the girder 

S4J inches. 

ANb. 8 870 {joundti. 
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The riv(»t s})aciiig is usually (ieterinined at the tenth-[)omts, 
and a cune is plotted with the spacing as onlinates and the tenth- 
points as ahscissie. The rivet sjmeing at any intermediate {)oint can 
1k^ deterniineil fn)m this curve. When onen^ighth the gnxss section 
of the web is considen'd as flange an»a, then only that pn^portion of 
the shear which is transfern^d to flanges is to he considered in com- 
jniting the rivet spacing, on account of the fact that some of the 
shear is transferrtMl directly to the l)ending moment in the web. 

In order to determine the distance In^twi^en rivet lines, the 
(jaiiyr, or distance out fi-om the back of the angles to the place where 
the rivets must Ix' placed, must U* known for differiMit lengths of legs. 
Table XXI gives the standanl gauges, and also the diameter of the 
largest rivet or l)olt whii^h is allowed to Ih» uscmI in any sizt^d leg. No 
gauges should 1h» punched otherwise unless your large expt^rience or 
instnictions fn)m one higher in authority demand it, and this should 
Ix* so seldom that indeed it might 1k» said never to l)e necessary. 

TABLE XXI 

Standard Gauges for Angles 

(All <liniensions given in inches) 
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Fig. 146. Determination of 
Distance between 
Rivet Lines. 



The distance between rivet lines for the girder being designed 
(see Fig. 146), is, in the first case: 

hr ^ h - (-2(7, + -^-- ) 

= 74.25 - (2 X 2i + 2\) 
= 67 . 00 inches. 

In the second case, where i of the web is 
considered, the above distance is 74.25 — 
(2 X 2i -f 2\) = 07.25 inches. Tlie compu- 
tations and the rivet spaces at the tenth- 
point, and at the ends of the cover-plates in 
the l)ottom choixl of the plate-ginler, arv 
shown for each case in Table XXII. The 
value of V is the value of a ;-inch rivet in 
bearing in a J-inch web (sei* Sj)ecifications, 
Article 40, and Carnegie Handl)ook, p. 195, 
second table). This value is 4 020 j)ounds. 

In the first c*olumn, 7.98— indicates that 
the end of the cover-plate next to the flange 
is 7.98 feet from the end of the girder, and that this section is taken 
just to one side of that point, the side Ix^ing that nearest the end of 
the girder. In a similar manner, 7.98+ indicates that the section 
is taken to that side of the point which is nearest the center of the 
girder. A Uke interpretation should be placed on 15.55— and 
15.55 + , the point under consideration in this case being the end of 
the outer or top cover-plate. 

In the fifth column, values are given which indicate that portion 
of the shear which is transferred to the flanges. For example, 

97 700 

,^ ^ ^^ Tx-TT^^ = 74 700, and the diflen^nce between 97 700 and 

(14.08 -r- 10.61) 

74 700 represents that portion of the shear which is taken up 

directly by the web in the form of bending moment. An inspection 

of the headings of the third and fourth columns will tend to make 

this matter clearer. 

Where there is local loading, as in the top flange, the rivets, in 

addition to the stress caused by the transferring of web stresses, an* 

stressed by the vertical action of the angles being pressed downward 

by the ties and the consequent upward pressure of the web. Accord- 
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TABLE XXII 
Rivet Spacing: in Bottom Fiang:e 

Flanjjc Takinj; All the Moment 



Section 


Total Shkar 
U*ouuds) 


(Inches) 


»• 
(1*()UUcIk) 

4 290 


KlVKT 
Si' A CI NO 

(Inches) 


Ukmakkh 

1 





117 800 


07 


2.80 


1 


1 


97 700 


1 07 


4 290 


3 . 38 


■ 


2 


79 300 


0/ 


4 290 


4.10 


• 


3 


01 300 


0/ 


4 290 


5 . 38 


' 


4 


44 200 


07 


4 290 


7.40 


' ( See Specifica- 


5 


28 000 


07 

1 


4 290 


1 1 . 52 


5 tions, Art.54 



()ne-Ki>!;hth of Web Area Considered 
*r «= 67.125 inches; r = 4 9i'0 pounds 





... 

Total 8mkar 


Nlt Flanok 
Akka plus i 


1 
Nkt Flanok 


Rkduckd 


KlV KT 


StCTlON 


( i'uunds) 


Wkb Ark a 


Akk\ 


Shkak 


Spacino 






(Sq. Inches) 


(Sq. Inches) 
10.01 


(Pounds) 


(Inches) 





117 800 


14.08 


88 800 


3.75 


1 


97 700 


14.08 


10.01 1 


74 700 


4.45 


7.98- 


90 000 


14.08 


10.01 


07 900 


4.88 


7.98 + 


90 000 


20 . 08 


10.01 


74 SOO 


4.42 


2 


79 300 


20 . 08 


10 01 


05 800 


5 . 02 


15.55- 


(i7 500 


20.08 


10.01 


50 000 


5.81 


15.55 + 


(i7 5(M) 


24 . 58 


21.11 


58 100 


5 . 09 


3 


01 300 


24 . 58 


21.11 


52 700 


0.28 


4 


44 2(M) 


24 . 58 


21.11 


38 000 


8.71 


5 


28 000 


24 . 58 


21.11 ' 


24 000 


13.42 



ing to Article 15 of the S[x*cifications, the weight of one driver is 
distributed over three ties (see Fig. 147). 

W 

Let -p , = IT, the load per linear inch caused by one wheel W, which 

load is assumed to be uniformly distributed over the dis- 
tance /; 
tr* — m, the vertical load or stress that comes on one rivet in the 
space s; 

Vs 
V = -J- f the stress on a rivet due to the distribution of flange 

stresses when s is a space, and V the shear at that point. 

When these two stresses act on the rivet, the maximum stress will 
be Vxi, the ultimate amount that it is allowed to carry, and this will 
act as shown in Fig. 147 : Then, 



Vxx 



yjv' 



+ Vl« 
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-f (it's)' 



4- w^, 



from which, 



s = 



r.i 



^ih) 



+ ir 



which gives the spacing at any |X)int in the girder flange under 
locaHzed loading. Note that if w ecjuals zen) — that is, if there is no 
localized loading — there results: 



,9 =^ 






V ( -I; ) 



+ 



which is the same as previously deducted for flanges with- 
out localized load- 
ings. 

The rivet spacing 
for the top flange 
of the girder which 
is being designe<l 
is given in Table 
XXIII. Here W 
= 20 000; /- (3X 
7 + 3 X 6) = 39 

. , 20 000 

mches; w == — -- - 

= 513; hj. = 67 
inches; and tv = 
4 020 |)ounds, which 
is the I Hearing of a 
;-inch rivet in the 
2 -inch web. Tlie 
top cover-plate is 
run theentirelenfifth 

FIk 147. Hivet Spacing Determined by Stresses nistributed . , 

under Localized Loading. OI the span. 
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TABLE XXIII 
Rivet Spacing: in Top Fiaiis:e 

Flange Taking All the Moment 



SkCTU)N 







tc 



ToTAi, Shkau 

tPoUIKis) I 



(-It) ■VC) 






2(i2 000 



3 
I 



> 4 

4 4 

4 • 

( i 

( t 



117 800 
97 700 
79 300 
01 300 
44 200 
28 600 



I 3 080 000 

' 2 140 000 

1 390 000 

S40 (XK) 

435 000 

181 500 



1 825 
1 550 
1 285 
1050 
835 
660 



RivKT Space 
(Inches) 



2.70 
3.17 
3 .83 



4.08 
5 . 88 
7.45 



One- Eighth of Web Area Considered 
w = 513; hr = 07J inches; i\ = 4 920 pounds. 
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Sf.ction 
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w* 


Rkditcld 

SllKAR 

( Pounds) 
97 000 


{ir 


1 538 


Rivet Space 
(Inches) 
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2 100 000 


3 . 20 
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202 000 


81 000 


1 450 000 


1315 


3.74 
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202 000 


05 800 


985 000 


1 100 


4.50 


1 5 . 55 — 


202 000 


50 000 


095 000 


980 


5.02 


15.55 + 


2(>2 000 


58 100 


705 000 


1014 


4.85 


3 


202 000 


52 700 


010 (K)0 


938 


5 . 24 


4 


202 0(K) 


38 000 


320 000 


703 


0.41 


5 


202 000 


24 000 


134 000 


029 


7 . 82 



Tlu? jx)ints other than the tonth-points referred to in the first eohunn 
are for .si^etions taken just to the left and right of the top cover-plate. 
The values of the reduced shears given in the third column an* ol)- 
tained as has l)ei*n prt»viously explaineil. Although the rivet si)sicing 
in the lower flange is considerably greater than that in the upper 
flange, and acconlingly a smaller number of rivets would Ih» riHjuired, 
yet the spacing in the lower flange is made the same as that in the 
up{x*r. Convenience in X\\v pn^paring of plans and facility in nianu- 
factUR* make this action economical. Theort^tical spacing givater 
than inches should Ix? dealt with accortling to Article 54 of the 
S[)ccifications. 

Tlie values of the rivet spacing given in Tables XXIFand XXIII 
are plotted in Fig. 14S. Note that the effect of the localized loading 
is to ileci'ease the rivet spacing, and also note that the effect increases 
from the ends towanl the center. 
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Tlie size of the flange angles and the width of the cover-plates 
for different spans, are a matter of choice. Once the size is deter- 
mined, the thickness can Ijt* computed. The svm^s very generally 
adopted in practice art* as follows: 



Si'ANS 


Anolkj* 


W 


IDTII 


OF (\)VKU-Pl*.\TE 


15 to '20 feet 


5 X A \ 


inches 
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1 1 
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For another method of the presentati(m of this subject, see 
Steel (\)nstruction," Part IV, pp. 204 to 2()S. 

EXAMPLE FOR PRACTICE 

1. Determine the rivet spacing for the top chord of a plato-girder, 

loading E 40, and 7 by 9-inch ties being used. The web is J inch thick; 

distance from back to back of angles, feet GV inches; flange angles, 6 by 6 

by V-inch; and cover- plate, 14 by J -inch, two ;-inch rivets being out of each. 

First, consi<ler the flange as taking all the bending moment; and second, 

consider one-eighth the gross area of the web. The total unreduced shear 

is 80 000 pounds in both ca^es. 

Ans. 3.21 inches; 3 . 70 inches. 

74. Lateral Systems and Cross-Frames. There* are two methods 
in use* in common praetiee in determining; when' the jmnels of the 
lateral l)nicin«( .shall fall — namely, (1) To choose the nundxT of panels 
so that the panel {H)ints come opposite the stiffness, and (2) toch(K)s(» 
the number of panels so that the placing of the |>anel points is inde- 
I>endent of the stift'ener spacing. The lateral systems should In* of 
the Warren tyjKS and in both of the al)ove cas(\s the angles that the 
diagonals make with the girder should not Ih» gn'ater than 4') degn»es. 
Also, it is lH\st to have all panels the same length and to haveanecjual 
numlxT of panels. This latter condition will simplify the drafting 
very much, since one-half of one ginler can Ih' drawn and the other 
half will Ik* symmetrical, the op|X)site ginler iKMng .similar to the one 
drawn, hut Inking left-handed. 

The memln^rs of the lateral systems will take tension or c*om- 
pression acconling to the din'ctitm the wind blows. Cn)ss-frames 
are placed at intennediate jx)ints to stiffen the ginlers. Thesi* an* 



BRIDGE ENGINEERING 173 



diagonal bracings (see Plate II), and are placed at certain inten^als 
according to the judgment of the engineer. Good practice demands 
that their niiml)er should Ik* about as indicatal l)elow : 
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Xt. 


MBKR 


OF 


Cboah-Framk.h 




to 20 
20 to 35 
35 to 70 
70 to S5 
So to 110 


fci-t 

<4 
It 
ti 

<( 








2 

ii 

4 
5 
6 



The above is not intended to sene as a hanl and fixe<l rule. Varia- 
tions from the limits given are to l)e made as the case demands. In 
all cases they aiv put at the panel points of the bracing, the top and 
bottom parts acting as sub-verticals in the lateral system. Also, the 
cn)ss-fram( s should divide the span into equal parts if possible. In 
cases where that is not possil)lc, the shortest divisions should come 
near the ends of the spans. 

If the panel {wints are to Ix* locatt^l at the stiffeners, the numl)er 
of panels is a function of the depth of the ginler (see Specifications, 
Articles 47 and 48). In this cast* the numl)er of panels is given by: 

J. _ Span in inches. 

Depth of girder in inches' 

no fraction l)eing considen^d. As an example, let it Ik» required to 
determine the numl)er of panels in a ginler So fi^et ciMiter to center 
of bearings, the depth iKMUg 90 J inches back to back of angles. Then, 

X = ^j. .,-*' = 11.3, or, 8»y, 11 panels. 

Each panel will then be 92.8 inches long. This, acconling to Article 
47 of the Specifications, l)eing greater than 5 feet, would not l)e allowed 
as a space l)etwe^n two stiffeners; but one stiffener can l)e placed in 
l)etween, and then the jwinel points will come at every other stiffener. 
The cross-frames should lx» five in numl)er. 

The arrangement of panels and cross-frames is shown in Fig. 
149. Hen^ the cn)ss-frames art* marked C F., and the bn)ken lines 
represent the lower lateral system. 

In case an even numlxT of panels w^re desired, then ten would 
l)e the numl>er chosc»n and the general arrangement would Ih» as 
sho^ii in Fig. 150. The length of a panel would be 85 X 12 -=- 
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10 = 102 inches, or S feet f» inches, which would allow of one stiffener 
in lx*tween and still keep the stiffiMUT spacing within the limit of 
5 ft»et. 

The cross-frames at the ends of tlu» span are designated as nid 
cros.H-jramcSy and thc»se in lx*tw(»(»n an* designated as intermediate 
crosS'jramcH. 

In case the spaciiig of the stiffeners is not reciuired to Ik* such as 
to coincide with the [)anel |X)ints of the lat(»ral bracing, the panel 
length will depi^nd u{K)n the spacing of the ginlers, being ecpial to or 




Fig. 149. 




Fig. l.W. 
Arran gem puts of I'aiiHs and ( 'ross- Frames. 



greater than the spacing in order to keep the angle which the diagonals 
make with the ginler le.ss than 45 (legnM\s. In this cas(\ 



A* 



Span in foot 



l)i.'<tun(M' contcr to contcr of ginlors in i'cct 



For the ginler con.sidered on page 171, the numlHTof panels would be 
y. ^ 11.3 — or, .say, 11 panels— if odd numbers were to Ih» used, 



/.o 



and 12 if even numbers wvw to be desired. 

For the case in hand, the panel points of the bracing will 1h» taken 
at the stiffeners, and an even numlxT of pan(*ls will Ik* usihI. Then, 

A -- -.,,-.v- 9.9S (.<?av 10). 

The arrangement of the panels and cn)s.s-fram(\'^, and also the maxi- 
mum stresses in the diagonals, are .shown in Plate II, the strt\sses l)eing 
determined acconiing to Article 50, Part I, *'Bridg(» Analy.sis," and 
Article 24 of the Six^'ifications. All the wind is taken as acting on 
one side of the bridge*; and no overtuniing effect, either on the girder 
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or on the ti^in, is considered. Also, note that the wind stresst\s in the 
flanges are not considered. Should the student determine these, he 
will find them too small to be considered acconling to S()ecifications, 
Article 39. 

Before designing the lateral diagonals which consist of one or 
two angles, Articles 31, 33, 34, 35 (last j^^rtion), 38, 4(), 03, and S3 of 
the Specifications should bt* care- 
fully studied. The upper lateral 
bracing is to l)e designed first. 
Carnegie Handbook, pp. 109 to 
'119, is to bt* used. 

The member UJJ^ must be 
designed for a compressive stress 
equal to 23.20 + 0.8 X 20.0 
= —39.08, and a tensile stress of 
20.0+0.8x20.0 = +37.08. The 
length of the diagonal measured 
from center to ct^nter of girrlcTs 

is l/'(T.5M-"0.22"= 9 feet, or 108 
inches. In reality the length is not 

108 inches, as the cover-plate takes off a certain amount, as shown 
in Fig. 151. The true length, which is to be taken as a column length 
in designing, is 108 — 2//, and // is readily computed to Ix* 9.70 inches, 
thus making the tnie length HHA) inches. The l(»ast allowable rectan- 
gular radius of gyration is obtained fn)m the relation that the greatest 

value of — = 120, and therefore the least value of r = -— - = 0.74. 
r 120 

It will be assumed that a by 4 by i°«-inch angle with an area of 

5.31 square inches will l)e sufficient. Here the length tKjuals 88. (lO 

inches, and the least rectangidar radius of gyration is 1 .14; hence, 

P= 13 000 -GO X^^-^j 

= 8 330 pouinis prr s<iUMn* inch. 

The required area is '- - = 4.73 stjuare inches. As the angle 

assumed has an area of 5.31 scjuare inches, which is considerably 
greater than the 4.73 square inches recjuinMl, this angle cannot l)e 
used, and otlier assumptions must be made until the area of the angle 



Fig. 1.''>1. D«'termlnation of TA»nKlh of 
Oiagniiai iu Lateral UracinK* 



17G 



BRIDGE ENGINEERING 



^assumed and the required area as computed arc equal or very nearly so. 

A 6 by 4 by J-inch angle with an area of 4.75 s(juare inches will 

now be assumed. The length is 88.(>() inches as Ix^fore, and the least 

rectangular radius of gyration is 1.15. The unit-load P =^ S 340 

pounds per square inch, and the recjuired area ii^-^!>j..-x = *! • 72 scjuare 

inches. As the area of the angle assumed and the requin^d area as 
computed are very close, this sized angle will l)e used. 

The section must now l)e examined for tension, and in onler that 
both legs of the angle may l>e considered iis effective section, l>oth legs 

must lx» connected at the end. The area required will be = 

* IS (KK) 

2.04 sfjuare inches. Considering one rivet-hole is taken out of the 

angle, the net area is 4 . 75 — 1 X 

(s + i ) X 2 == "^ • -•'^ square inches, 
which is amply sufficicMit. 

If the 4-inch leg only were as- 
sumed to 1x3 connected, the gross 
area would l;)e 4 X j =- 2.00 
scjuare inches, and the net area 
would then be 2.00 - 1 X (; -^ 
i) X 1-ij^^^ = 1.50 scjua re inches, 
which is not sufficient. If the 
G-inch leg were coimected, the 
area would be sufficient. S<*e Fig. 
152formeth(Ml of connection and 
rivets. 

The numlxT of rivets required (see Specifications, Article 3S 
and 40) is computed as follows: If the member were not subjected 
to l)oth tension and compression, the number of rivets required in 
single shear would l)e : 

_ 39 3 00 

(0 000 + 50percent'of OOOO) X 0J>013 

_ :ij) ;W)0 
~ ~8 ioo 

= 4.80 (say 5). 
But according to Article 38 of the Specifications, this numlx^r must Ix; 
increased 50 per cent, and acc*ordingIy 4.86 X H == 7.29 (say 8) 
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Fig. 153. Method of CounectiiiK Angle Legs 
in Lateral Bracing and Cross-Frames. 
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shop rivets an* to he used. In the alx)ve formula, 0.6013 is the area 
of the cross-section in square inches of a ^-inch rivet. In order that 
both legs should Ix^ connected, a clip angle as shown in Fig. 152 is 
used ; and the same numl)er of rivets must go through both legs of the 
clip angle, since the stress in the vertical leg of the main angle is 
transferred to the clip angle and from there into the connecting plate. 

The above number of rivets makes the joint safe so that it will 
not shear off in the plane between the connection plate and the hori- 
zontal leg of the angle. The joint must also be designed so that 
there will be sufficient rivets in l)earing to prevent them from tearing 
out of the c*onnecting plate. The numl)er required is: 

39 800 



71 = . 



(15 000 + 50 per cent of 15 000) X i X | 

^ 39 3G0 
"7 380 

= 5.34. 

This 5.34 must be increased 50 per cent, making a total of 5.34 
X 1.5 = 8.01 = say, 8 shop rivets as l>efore. 

The above rivets are shop rivets, since it is assumed that the span, 
being a small one, will be riveted complete in the shop and shipped to 
the bridge site ready to place in position without any further riveting. 
In case the girders are shipped separately, then the lateral bracing 
must l)e riveted up in the field ; and according to last part of Article 
40 of the Specifications, the rivets, being field rivets, must have the 
allowed unit-stresses reduced one- third, which is equivalent to having 
the numl^er of shop rivets increased 50 per cent. This will make the 
required number of field rivets 8 X 1.5 = 12. 

As a rule, the connection plates are | inch thick, seldom more. 
Also, the memlxjrs of the upper lateral system are connected on the 
lower side of the connection plate in order not to interfere with the 
ties. Note that the use of the clip angles requires a smaller connec- 
tion plate than would \ye necessary if these angles were not used, since 
in the latter case all the rivets must then be placed in one row in the 
horizontal leg of the angle. 

The number of rivets required in the connection plate and the 
flange of the girder must be sufficient to take up the component of 
that member parallel to the girder. For the ease in hand, the num- 
ber (see Fig. 153) is: 
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X 



9.0' 



from which, 

X ^ 5.5 (say C) rivets. 

Additional rivets should also \ye put in, in onlvr to take up the compo- 
nent of the other lateral diagonal which meets at this point. 

The meml)er U/ U^ is to Ik* desifi^ned for a maximum compn^ssive 
stress of 20.6 + 0.8 X 16.0 = -33.4. A 6 by 4 hy ,'e-inch angle 

with an area of 4. IS square 
inches will Ix* assumed. '^Ilie 
least rectangular radius of gyra- 
tion is 1.16. The unit allowable 
load is: 

P - i:{ 00() - 00 X ^^S] = S 420 

pounds per sciuare inch. 

Ine n^iiuiriHi anni is - = 

* S 420 

3.97 squan* niches. As this is 

verv near the area assumed, and 

as trials with other angles do 

not give nM|uinHl an^as which 

come any closer, this angle will 

Ih» used. 

The rivets requinnl in single 

shear an*: 

* "— — X 1 ..') ^ 0.21 (say 7) shoj) rivets, an<l 
o 1 UU 

C.21 X 1.5 --= 9.3 (say 10) fiehl rivet.**. 
Tlie rivets reijuired in lx*aring in the f-inch connection j>late are: 

-' X 1.5 = 0.78 (.<*ay 7) shop rivets, and 

7 tjoU 

6.78 X 1.5 - 10.17 (say 11) field rivets. 

The aljove comjnitations show the joint to 1k» weakest in l)earing, 
and therefore 7 shop or 11 field rivets must be us(»d. It is not neces- 
sary to investigate this memlxT for tension, as the computations for 
the first diagonal indicate that th(^ area will bt* sufficient, lK)th legs 
being connected. 

The memln^r U^l\' must be designed for a maximum compres- 
sive stress of 16.0 + 0.8 X 14.1 = -27.28. A 6 by 4 by i-incb 




Pig. 153. Calculation (»f RivelR In Connection 
Plate anil Klaugo of (.Jlrder. 
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angle with an area of 3.(51 scjuare inches and a least rectangular 

radhis of gyration of 1.17 will Ix* assumed. The unit-stress P, as 

computed from the formula in the Specifications, is <S 4(50 pounds per 

27 2S() 
squan* inch ; and the reciuired area is - - ^^ - = 3 . 23 square inches. 

8 4(50 

This angle will he used, as the given and required areas are close 

together, and as tlie next smaller angle — a 6 by 3i by 3-inch angle 

with an area of 3.42 square inches — gives a required area of 3.58 

scpiare inches, thus being too small. 

The rivets recjuired in single shear are: 

Tt^ X 1.5 -^ 5.04 (aay 5) shop rivets, and 
5.04 X 1.5 - 7.0 (say 8) field rivets. 

The rivets required in lx»aring in a s-i"ch web are: 

27 280 

~7~vJn ^ ^'^ ^ ^-^"^ (say 0) shop rivets, and 
7 ooO 

5.54 X 1.5 = S.:i (say 9) field rivets. 

In order to make the joints safe, (5 shop or 9 field rivets should Ik» used. 

The memlKT U^U^ must be designed for a nia.ximum compressive 

strnss of 9.6 + 0.8 X 8.0 = -16.00. A 3i by 3 by i-inch angle 

with an area of 2.30 scjuare inches and a least n»ctangular radius of 

gyration of 0.90 will \yc assumed. The unit-stn^ss P is 7 090 pounds 

1(5 (HK) 
jKT sijuare inch, and the nxjuired an*a is ^ ..^^^ = - • -6 scjuare inches. 

As the nHjuired and the actual an^as are very close together, this 
angle will Ik* used. 

The rivets required in single shear are: 

X 1.5 ^ 2.90 (.say 'i) shop rivets, and 
2.90 X 1 A = 4.44 (say 5) field rivets. 

By computation similar to the above, it is found that 4 shop or 5 
field rivets an» recjuired in l)earing. Since the In^aring re({uires the 
most rivets to make the joint safe, 4 shop or 5 field rivets must Ih» usimI. 

If the Sjx^cifications would have allowed a 3^ by 3i by j^^-inch 
angle with an an*a of 2.09 scjuaix* indues, this angle would have 
exactly fulfilliMl th(* re(|uiremen ts, tlu* nMpiired art^a IxMug 2.09 
.s<|uan» inches. 

The member In^/ nuist l)e designtnl for a maximum compres- 
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sive stn^ss of 8.0 + O.S X 4.1 = -11 .28. A 3 by 3 by 3-inch 
angle with an art^a of 2.11 scjuare inches and a least radius of 
gyration of 0.91 will Ix* assumed. In this case the unit-stn\ss is 
7 160, and the area re(|uired is 1.58 square inches. The rcquirt»d 
area is considerably less than tlu* area of the angle assumed ; but it 
must Ix* used, since it is the smallest allowed by the Spc*cifications, 
which nKjuiri' that the material shall not Ix* less than J-inch, and 
fnmi Table XXI it is seen that 3 inches is the smallest size leg in which 
a J-inch rivet can bt* used. 

llie stresses in all the memlnTs of the lower lateral svstem are 
less than the stressi\s in the memlxr just designeil, and then^fon* all 
memlx»rs of the lower lateral system will be made of one 3 by 3 by 
J-inch angle. 

For the last memlnT designed in the upper lateral system, and 
for all memlx^rs in the lower lateral system, 3 shop or 5 field rivets 
will Ix* re<|uired at the ends. These are mon' than sufficient to take 
up the stress, but it has lx»en found that less than three rivets do not 
make a gcxxl joint. 

The stn\ss slun^t, Plate 11, shows the general arrangement of the 
lateral svstem, the numlK^r of rivets hi the connections and also in the 
c*onnection plates where th(*y join the flanges. 

IMie inUrmrdiafr rrottn-framcft do not lend tlieiiisi»lves to a tlieo- 
n»tical design, since the strt^sses which come uj)on them are not easily 
ascertained. It is gtKxl practice to rcH|uin» that all meml)ers lx» of 
the sizes as given below: 



Span ok (iiim»i h 


Anoi.kk 
(in Inches) 

1 X 1 X ^: 


Shop 
4 


KlVKTH 


(ill Feet J 




FlKLD 


:iO to {\o 
05 to 110 


4 

5 



The angles in the intermediate cross-fmmes will then*fore be 3.V by 
li\ by ij-inch. 

'Vhv end croftit-framc.^ (see Fig. 154) act in a manner somewhat 
similar to the )K)rtaI bracing in a bridge, since they transfer all the 
wind which comes on the top choixl an<l on the tniin to the abutment. 
This load, which acts at the level of the ties, is in this case (sec* Article 
24 of the Specifications): 
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P = 



600 X 61 ft. 9 in. 



18 525 pounds. 



It is usually assumed that half of this is transferred to the point a by 
means of a-6, and from there dowTi a-b' to the masonry. The other 
half goes directly down 6-a' to the masonry. This causes stresses as 
shown in Fig. 154. Note that the stress in a-b will always be com- 
pression; but the stresses in the diagonal will be either tension or 
compression according to the direction the wind blows. The mem- 
ber a-h will be a 

3lby3U>yi-inch r=. ^ -9s^^ _b Pygsa? 

angle. To form ' \ ^x II 

the connections at 
its end, 3 shop or 
5 field rivets will 
be used. 

The maxi- 
mum compressive 
stress for which 
the diagonals are 
to he designed is 
12.70+0.8X12.70 
= -22.86. Here 
the length is 108 

inches if the angle tends to bend one way; but if it bends as 
shown by the broken lines in Fig. 154, the length will be one-half 
of this. For this reason, angles with unequal legs should be used, 
the longer leg extending outwani. This allows the greatest rectan- 
gular mdius of gyration to be used. 

A 4 by 3 by ,'g-inch angle with an area of 2.87 square inches 
and a radius of gyration of 1 .25 will \ye assumed. The unit-load P 
is computed to be 8 750 pounds, and the required area is therefore 
22 800 -7- 8 750 = 2.61 square inches. This does not coincide very 
closely with the given area, but will be used since this angle comes 
nearer to fulfilling the condition than any of the other sizes rolled. 
The joint will require more rivets in bt^aring than in single shear. 
It is not necessarj' to perform the complete computations in order to 
determine this, since a comparison of the values of a rivet in single 
shear and in bearing shows that the value in bearing is less than that 




Fig. 154. Action of End Cross-Frames. 



BRIIK^.E F,\r,I\EHRlNr, 



in single shear, and thert-forc the numWr of rivets required in bearing 
will be greater than that niimlHT required in single shear. The 
number of rivets required in Waring is : 

22fi60 . i ■ J 

492.)-^-r:5 ^'"'^- ■• ""'"P^VHA, and 
4.00 X 1.5 -'C field rivets. 
75. The Stiffeners. Acconiing to Article 47 of the Specifica- 
tions, these should Ix; placed at certain inten-ab whenever the unit- 
shear is greater than 



5 - 10 000 - 75 X , 



^ 10 000 - 14 800 - ~4 800 pounda 



This negative 
sign signifies that 
whenever the 
unit shearing 
stress is greater 
than zero, the 
stiffcnersnmstlie 
placinl through- 
out the entire 
length of the 
span at distances 
not to exceed 5 
feet. 

Tlie interme- 
diate stiffeners 
should have the 
outstanding leg 
long enough to 
give good sup- 
port to the flange angle (see Fig. 155). The filler l>ars or fillers 
are put in so as to allow the stiffener angles to remain straight 
throughout their entire length; othenvise they will' have to be 
bent ns shown In Fig. 150. This bending is called irimping. 
Stiffeners must also confiirni to Article 4S of the Specifications. 
This would nfjuire a diffen'ut siz<-<i stifFencr at each ix)int, and also 
a different uumlHT of rivets in each stiffener. This is not usually 
done in pr.ictice. In practice the stiffener for the first intermediate 
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point is designed, and the remainder arc made the same in size and 
have the same number of rivets. An exception to this is where a 
stifTener comes at a web splice. In this case the size is usually kept 
the same, but the number of rivets is changed somewhat to confonn 
to the requirements of the splice design. 

The second intermediate stiffener comes at tJie first tenth-point, 
and is 6.175 (say 6.2) feet from the end, since it is at the first panel 
point, or opposite the first panel point, of the lateral system. The 
first stiffener will be 3 . 1 feet from the end ; and scaling off the value 
of the shear at this point (see Fig. 134), it is found to be 108 000 




pounds. Here the length / to be used in the formula for the unit 
allowable compressive stress is 741 — 2 X } = 72 , 75 inches, the J 
being the thickness of the flange angle. The section of the 
material which according (o Article 4.S of the Specifications is to be 
considered as a column, is shown in Fig. 157. The assumed 
column cannot bend about the axis B-H, but about the axis A- A, 
and therefore the radius of gyration about the axis A - A must be 
computed. The moment of inertia of the fillers and the web plates 
about their own axes is considered as zero. 

A 4 by 4 by J-inch angle with an area of 3.75 square inches will 
be assumed to l>e sufficient to withstand the stress. Tlic moment 
of inertia of this and the filler bars and the web portion is 

/,_. = 2(5 55 + 3 75 X 2 12' + 3 00 X 563') - 46 70. 



1S4 



BRIDGE ENGINEERING 



The radius of gyration, then, is, -^ t^wT == ^ •^^^'^j ^"^1 ^^^ unit-stress 

computed with this value and a length of 72 . 75 inches is S 1 4() pounds. 
The required area is now determined to be la^ 000 -h 8 140 =13.27 
square inches. The value 15.00 used in the alxne computation for 
the radius of gyration is the value of the area of the angles, the filler 
bars, and the web portion. A 5 by SJ-inch angle with the 5-inch leg 
out would have given better support to the flange, but would not 

make so good a job, as it would 



'^^ XGrcater 
\than 



&-[-- — # 

Less than 



Plpr. 15H. lUvrts Plai-eil In Two Kows to 
Give Neo'ssary Number and Si)aoln^r. 



have extended about I inch be- 
yond the cun'ed part of the hori- 
zontal leg of the flange angle. 

The bearing determines the 
numlxT of rivets in this case. 
The number is 108 000 -^4 020 
= 22 shop rivets in the web. 

The angle must now be inves- 
tigated in onler to s(»e if these 22 
rivets can go in one row without 
l>eing clost»r together than 2^ 
inches, which is three diameters 
of the 5-inch rivet. The total 
length in which these rivets must 
be placed is 72.25 inches, and therefore we have 72.25 -r- 22 = 3.3 
inches as a spacing. Since this is greater than 2^ inches, 22 
rivets can be placed in one row. If the spacing as determined 
above had been less than 2§ inches, it would have been neces- 
sary to use two rows of rivets spaced as shown in Fig. 158; and then 
the distance center to center would be more than 2^ inches, although 
the spacing in a vertical line would be less than that. 

The four angles at the ends of the ginlers are called the end 
stijfefiers. These are placed in pairs on opposite sides of the web 
(see Plate II, Article 74). 

The total end shear is 117 800 pounds, and this is assumed to be 
carried by the two pairs of end-stilfener angles, each carrying one- 
half. This amount would recjuire lighter angles than the angles 
used for intermediate stift'eners. It is the customary practice to 
make them the same size and thickness as the intermediate stiffeners, 
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additional stn»ngth l)eing allowed in ordiT to withstand the effeets 
of the end cross-frame when in action. 

The bearing determines the nnml)er of rivets recjuin^d in each 

117 800 



pair of stiffeners. The numl)er recjuired is 



2X4 020 



12 shop 



rivets. 



Some engineers arhitnirily choose the ytiffeners rc*ganlless of 
the shear, enough rivets, however, being put in the end stiffeners to 
take up all the shear; and the spacing in the intermediate stiffeners is 
made the same. One noted engineering firm determines its stiffeners 
according to the following: 





Flanok Anolk 




Horizon! 
Lko 


..... 


THICKNF.S« 


End 


4 in. 


Any 


;^ X :^ X \ in. 


5 in. 




Any 


4x4 X \ in. 


r> in. 




Over i in. 


4x4 X \ in. 


6 in. 




Loss than } in. 


h X '.W X \ in. 


Sin. 




Any 


() X X i in. 



Stifkknkiw 



lNTKKMi;i)IA TK 

i^ x ){ X ^ in. 

'.\\ X 3\ X i in. 

'y\ X :U X -^ in. 

5 X \\\ X i in. 

X 4 X il in. 



Xo mtional method has as yet been determined for ascertaining 
the stressc\s in the stitfenei's of plate-ginlers. Results obtained by 
placing extensometers on the stiffeners of actual plate-girders apjx^ar 
to indicate that the stn\sses art* verv small, in fact in most cast\s not 
IxMng greater than 1 oCX) or 2 (M)0 jx)unds jxt square inch. 

PROBLEMS FOR PRACTICE 

\. Design, according!; to roo|)er's Si>ecifications, the on<l stiffeners if 
the sh<*ar is L30 0(X) pounds, the distanee back to hack of anjrles is (i feet (il 
inches, the web iJ- inch tliick, and the flange angU^ (> by by Uinch. I'se fillers. 

2. Desipn the interni<'diatc stiffeners for the girder of Problem 1, 
above, where the shear is ('i|ual to 75 000 pounds. Use eriniiK'd stiffent'r angles. 
Xote that in this ca.*<e the angles lie close against the web, no filler bars being 
used in between. 

70. The Web Splice. Web spliws are recjuired lx»cause of the 
fact that wide plates cannot Ix* rolled sufficiently long. Web spHccs 
shoidd Ix? as few as jxxssibl(\ and good practice demands tliat thev Ix* 
plact^d at the siimt* ix)ints as the stiffener angle. 

The tables on page 30 of the Caniegie Handbook give the extreme 
length of platt's which can be pnicunnl for any given width. Tlie 
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length of plutcs for widths which arc not (fiveii in these (ahles, should be 
taken e<|ual to the length of the next plate given wlio«> width is less 
than that of the desire<l plate, Fnmi the first table it is seen that a 
"■i by ^-inch plate can l)e rolled up to -WH) inches, or 33 feet 4 Inches, 
in length. Therefore, if the ginler under consideration is spliced 

at the center, the web plates will be required to be - - ' ■- - = 30 

feet lOJ inches, which value rloes not exceed the 33 feet 4 inches as 

given above. 

According to Articles 46 anil 71 of the Specifications, a plate must 
^_^ l>e placed on each 

side of tlie web as 
shown in Fig. 159, 
and enough rivets 
placet! in each side 
to take the total 
shear. 'Hie total 
thickness of l)olh 
platen, and also 
tlieir length, must 
Ik- sufficient to 
stand the total 
sliear, but must 
not l>e le.ss than 
I inch. 

The total shear 
at the center of 

the girderunder consideration (see l*'ig. 134, p, l.')0) is 2S (KXI ]Miun<ls. 

The ari'a nH|uire«l in each of the two spliw plates is -^ — tl~im 

=■- 1.5!) square inches; and as their length is 02.2') inches, the 
thickness mu,st lie 1 ..')•) -r- f)2.2ii = 0.02.'»5 inch, but ihev must Ix- 
made J inch thick actonling l<i the Specifications. 'J'hc width .should 
be somewhat greater than twice the width of the stilfener angle leg. 
'lliis woidd make the width in this case atx)ut 10 inches. 

The iH-aring govenis the numlKT of rivets re(|uircd in this ca.se, 
atui they an- 2S m) -r- 4 il20 -: 5.81 , say (i, .shop rivets. :More rivets 
tliun this will \x' nxpiired by ])nK'tical considerations, as indic-ated by 
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Article 54 of the Specifications or iu order to make the spacing in the 
stiffenvr angle the same as that in the other stifTeners. This detail 
is to be left to the draftsman, the recjuired number only being put 
on the stress sheet 

In case J of the gross area of tlic web is considered as efficient 
flange area, then provision must l>e made in the sphce for the bending 
moment which the web takes. A very economical and efficient splice 
is shown in Fig. 100. The horizontal plates take the stress due to the 
moment, and the vertical plates take the stress due to the shear. 

The web w|uiva!ent is 3.47 square inches and the total 
moment is 1 615 000 pound-feet, which is composed of 275 000 pound- 




Vig. no. Splloe OonsbUng of Venlcal and 



feet due to dead load and 1 340000 pound-feet due to live load. 
Therefore that proiwrtion of the 3.47 which is taken up by the dead 
load is: 

,j X 3-47 = 0.59 s([uaro inch; 

li load is: 



m[uari: inchcu. 



I 615 OOU '^ 
and that proportion taken up by the li 

1 :{40 OOP 

1G)5000' 

The ef|uivalent flange aa-a is a.s.suiued to act at the center of 
gravity of the flange; and the W-niliug moments equivalent to the 
alK)ve areas are, for dead load : 

. 5!l X 20 000 X ~'2 . J J 4 = S.'iC 000 pcm in I- inches; 
and for live load : 

2.88 X 10 000 X 72,.jJ4 = 2 OilO 000 [wund-incbea. 



188 BRIDGE ENGINEERING 



Thes(* IxMidin^ moments must Ik* tako?i iij) by the liorizontal splice 
platt's Thv stn'ss<*s in these plates (see Fig. 1(U)) an*, for dead load: 

HM\ (KM) 



- . »- 1'^ "^^^ jMHiluls; 

and for live load, 

2 (MM) (KM) 
t>4 .J.) 

While the allowable unit-stn\sses aR' a maximum at the center 

of gravity of the flange and are those given by the S|x*cifications, they 

decrease rapidly towanls the center of the ginler, InMug 7x»n> at the 

neutral axis of the entin* section. The unit allowable stress at the 

ccMiter of the horizontal plates will not 1m» so gn*at as the maxinnnn 

allowable, but will 1h» pn)|)ortional to the distance fn)m center (see 

Fig. 1()0). The horizontal plates will 1h* taken S inches in width. 

The unit-stn»sses an* easilv (h'tennined bv nutans of the similar 

triangles oab and oah\ '^Flu* dead-load stress is detennincnl from the 

pn)jx)rtion : 

54.2') 
S' _ 2 

2()()()d~ 72.2r>' 
2 

and is 14 Or>() jmuukIs. For live load, the unit-stn'ss will 1m» one-half 
of this amount, or 7 475 |K)unds. 

The* area rtHjuiriMl for this plate is, for dead load, ,\/^.= 1 Oo 

*^W "^Ml *''-H) 

squar(Mnches,and for liv<» load - ,-- = o. If) sijuan* inches, maknig 

a total of (». 21 s(|uar(» inches for both ])lates. Assunnng two rivet- 
hol<\s out of the section, th(» net width is N — 2 ( ; -f I) -^ (iiuches; 

f; 21 
and the rmuurmI thickness for one plate is '^ — 0.52, sav .". 
* 2 X (> '.10 

inch. 

Tlu' joint will 1m* weakest in U^aring in the ij-inch web. '^I'he 

number of iiv<Ms R'i|uire<l is: 

I ,,j„- - Jl slK.p nvrts. 

The d(\sign of the shrar ])late is as follows: The shear is 2S ()()0 

2S (KH) 

pounds, an<l the reciuin'd area is ,,,^^. --^ .S.lS scniare inches. As 

,) (MM) 

.'5 bs 
the lentjth of the plate is 40! inches, the RMiuiRnl thickness is 

* 4*1 2x4(>.2o 
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t 



= 0.034 inch, but on acc*ount of the Specifications it cannot be less 
than I inch thick. It will, however, Ik* made ^\ inch thick, since 
it will then fill out even with the horizontal tension plates and no 
filler will Ik» required. Bearing in the web plate decides the number 
of rivets, which is: 

28 600 _ , . . 
~4 920 "" ^ ^*^ rivotR. 

The width of this shear plate should Ix*, as befort\ 10 inches. The 
same conditions limiting the spacing of the rivets apply hen» as in the 
case when* the splice was designed for shear only. The length of the 
horizontid plates should Ix* sufficient to gc»t in all the rivets, and this 
is a d(»tail which is left to the judgment of the dniftsman. 

PROBLEMS FOR 
PRACTICE 

1 . A platc- 
gircler is 87 ft. 9 in. 
ceiitor to center of 
end bearings. The 
dead-load moment 
is 9 125 000 poiind- 
inch(?s, and the live- 
load moment is 
;^S 2(i.') 000 pound- 
inches, the total 
shear at the sec- 
tion being 202 700 
pounds. The web is 
90 by I'g-inch, ancl 
the flange angles are 
G by G by j-ineh. 
Design the web splice when no part of the web is considered as taking 
bending moment. 

2. For the girder of Problem 1, above, design the splice when i of the 
gross area of the web is considered as eflfective flange area. 

77. The Bearings. Artieles 113 to 119 of the Specifications 
should 1k' carefully studied l>efon» pn)ceeding; also Article 87. Article 
70 should 1h? referRMl to, and the remarks then' mad(» about hearings 
should l)e read. In cas(» the length of bearing is such as to allow a 
simple .J-inch j)late, care must be taken that the bearing plate does 
not extend past the flange angles more than 2 inches, or that the 
masonry plate does not extend past the In^aring plate over 2 indues. 
lleferenc*e to '*Steel Constniction/' Part II, p. 96, to Fig. 161, 



«<t 



nr 



I 
I — 

I 
I 

Fijr. 161. Propcn-tloiis of Klaujr« Anples. Hearing Plate, and 

Masonry Plate. 



lOII 



biiiik:u exgixf.euinc; 



and to tlic ilisc-iissioii wliieli fiillows, will cNjJiiiii tlu- rcasim of this. 



/ ■ 



i 



/ 



and as a = 10000, 



from which, 

/ " 1 .94, say 2 inches'. 

In case it is di'sirabli' to huve a simple masonr;' plalc instead of a 
0331-811*1 peilcstal, iimf to have the pliitc ext<'ml over tlifsi<h's of the 

angles a distance 
Kreiitor than 2 in- 
ches, then some 
arniiiRcmentmust 
Ik' made for snj)- 
porting the pro- 
jecting portion, 
l-'iy. 1(12 shows on« 
of the niethixls 
most commonly 
use<l. Xotwifh- 
Rtandin^ the brac- 
ing of the gusset 
plates, the mason- 
ry plate is not ade- 
() iia tely su ] )por t ed, 
the greater pro- 
{Ktrtion of the 
stress coming 
upon the ends. 

Tlie disadvan- 
tage of having tlie 
masonry plate t<M» 
long is plainly 
shown by Fig. IKi. Here the girder is shown deflected under a live 
load, tlie rear end of the plate l>oing tilted up and the greater part 




y Plate Is Used lostoad 
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of tlic pressure coming ui)oii the forwani end. The use of this style 
of phite is not to Ik» n^eonnnench'd 
for spans over 40 feet. 

'I'he design for the In^aring 
of the girder inid(T consideration 
will now l)e made. The total 
redaction of one girder must now 
l)e computed. This will lx» due 
to the weight of the steel in the 
girder, to the weight of the 
track, and to the reaction pro- 
duced by the E 40 loading when 
wheel 2 is directlv ov<t the end 
supp)rt. This reaction is: 




beoim^ Rate 

Masonry 
Plait 



Fij;. 103. Effect of Having Masonry Plate 

Too Lou^. 



Wci^lit of St(M'l, 



Wriirlit of Track. 



(l2:^^) + lo x oi .7.')) tn.iry 



400 



-> 



(»1.7r> + 1.7.')) V 



Read ion Due to Fnpne Loading 



Total 



11 4.'{0 pounds 

- 90 700 " 

^ 117 ISO j)oun(ls. 



1 1 ^" ^ CO 

The s(|ua re inches of U^aring surface re<iuir(Ml is \^:rl. =^ ^^0; 
and, as the length is 1 foot inches, or iM inches, the total width of the 



cast-steel [)edestal will l)e ^ 22.4, .say 2^ niches, or 1 foot 11 

inches. 

A In^aring plate must he riveted to the lower flangi* when* it 
n\sts ujx)n the jxdestal. The ptdestal must l)e so constnicted as to 
allow this lx»aring plate to set in it. Hand-holes should Ix* pmvided 
in the casting in onler to allow the lx)lts which connect the casting to 
the ginler to lx» in.serted. The.se holts sh()ul<l Ix* at least J inch in 
diameter. Anchor lx)rts I inch thick and at least >n inches long should 
lx» pn)vi<l(Ml and f()x-lx)lted to the masonry. The thickness of the 
m(»tal in all parts of the casting .shoul<l 1k' at least IJ inches. The 
details of the pe<lestal an* given in Fig. 104, the length of the hearing 
heing ma<le 12 inches so as to allow one rivet to he driven in the 
flange angle in the space between the end stiffeners. 

Allowance should be made for a variation of 150 degrees in tem- 
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pc^niture. The cocfTicient of expansion for steel jxt unit of length is 

().(K)000r)r), and the amount of expansion for 150 <legn»es of teinpcTa- 

ture will Ix^: 

0.0000005 X (61 ft. 9 in.) X ir>0 = OOO foot. 

This is alnnit J inch, and therefore the holes in the flang(\s at one end 
of the girder should 1k» made oblong and long enough to allow the 




Bejninq PlaU, 




Fig. Ifil. Sldo and Knd Klcvatlons Showing Construct Um of I'ftlostal nnd Connect ion 

to liearlng Plate. 

ginler to move '\ inch, or \ inch either baekwanl or forward from a 
(vntnd p)sition. In detennining the length of this slottinl hole (.si»e 
Fig. lOo), it must Ix* noted that the J-inch l>olt takes up pirt of this 
hol<', and ther«»fort» its length should Ih* i + ] ^ siiy 1 '\ inches. Th<» 
width of the hole should 1h* sufficient to allow for anv over-nin in the 
diameter of the lK)lt. It should Ix* at least 1 } inches wide. 

PROBLEMS FOR PRACTICE 

1. Determine the dlstanee eenler 
to center of bearings, and the si/e 
of the uiaBonry plate, for a phite- 
ginler of 4()-foot 8))un under coping, 
the loading being U 40. 
Ans. 41 ft. 4 in.; IJoO Sfjuare inelies. 

(NoTK— Interpolate valueH in Ta- 
ble I, Cooper, p. 80.) 

2. If the girder span is 78 feet 
under coping, and the loading K 40, 

determine the maximum end reaction and the width of the masonry 
plate. Ans. 147 l:»0 pounds; 24J inches. 

78. The stress Sheet. Plate II (p. 1 72; shows the stress sheet for 




Flp. 16B. Slotted Bolt-Hole In Flange at 
End of (;ird«*r to Allow for Contract Ion and 
Expansion Due to Temi>erature Clianges. 
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the girder which has just l)een designed. It represents the best modem 
practice in that it gives, in addition to the sizc\s of all the sections, 
the cunTs for the maximum shears and moments, the rivet-spacing 
cun^e, and the nuralx^r of rivets required in the differcnt parts of the 
structure. This general form has been adopted by one of the largest 
bridge (corporations in this country, and is to be recommended since 
it gives the draftsman all necessary data and thus prt^vents the loss 
of time by an inexperienced man in n^computing certain n\sults. The 
results just referrtnl to are the shears, the moments, the rivet spacing, 
and the numlK'r of rivets required in the various parts. Formerly it 
was not customary to give this information on the stn\ss sheet, and 
the draftsman was ther(»fore requirtnl to do all this computation which 
had prc»viously been worked out by the designer but had not l)een 
placed on the str(\ss sheet hi available* form, and thus unnecvssary loss 
of time n\sulted. 



DESIGN OF A THROUGH PRATT RAILWAY-SPAN 

70. The Masonry Plan. The sjime rt^marks which an» made 
in Article 67 apply here. In this cast* the length of the masonry plate 
IS usuallv determined bv considerations relative to the numl)er and 
length of the rollers in the Ix^aring, and not by the bewaring per square 
inch upon the masonry, the size of the plate as determined by the 
alK)ve considerations l)eing usually much larger than if it had l>een 
determiniMl by the unit l)earing stress. A preliminary design of the 
masonry plate is usually made in a manner similar to that done in the 
case of the plate-ginler; or the length of the masonry plate may Ih» 
appn)ximately determined from the following: 





Span 


LeX(JTH 


OK 


Ma»onky 


Pl.ATK 






Fixf:d End 






UOI.I.FH Kn'D 






100 feet 
125 '* 

150 '' 
175 " 

200 '' 


23 inches 
26 • ' 
2H " 
31 " 

35 *' 


23 inches 
20 ' ' 

28 " 

31 

35 ' ' 



The al)ove masonry plates art^ for single-track bridges, with or with- 
<)ut end floor-beams, the length being the same in either case. 
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SO. Determination of the Span. Tlie determination of the span 
is made in exactly the same manner as described in Article 68. Care 
should Ik? taken, in case* end fioor-V)eams are not uschI, to allow for 
the pedestal stones, which arc* scjuare stones nesting directly upon the 
bridge* seat, and upon the top of which rest the mason ly plates of the 
stringers. Their height must, of course*, Ik* such as to kc*ep the 
stringers level. In case* these stones are used, their size must be 
determined; and if it is greater than that of the lK*aring or masonry 
plates, then their size* determines the width of the bridge seat and 
the span center to center of lK*a rings. 

81. The Ties. In the design of the ties, as well as in all the 
design which follows, the Spt*cifications of the American Railway 




5 



6-6" 




Fig. 106. Spacing of Stringers and Kails, and Position of Loads. 



Engineering & Maintenance of Way Association will Ik* followetl. 
Whenever n»fer(*nce is made to these* sjK'cifications, the numbe*r of 
the article will Ix* enclosed in parenthe*se*s, as "0"))," which signifie*s 
that Article 5 of tlu* S{K*cifications is to Ik* n*ferre*d to. 

The stringers in the bridge in (juestion will Ik* taken ft. (> in. 
center to c(*nter. The maximum loading (7) is sueh as to bring 
S 333 jx)unds on (me tie, and to this must Ik* added KX) |K*r (*ent for 
impjict, making a total of 1(5 ()(>7 |K)unds. In onler to illustrate the 
method of assuming the distaiu'c, center to e*enter of rails, as o fert, 
that elistaner will Ik* use*d in this case. The maxinuim moment will 
the*n be 9 X K) 007 = say, 150 (MK) |K)und-inche*s. The size* e)f the 
tie will be deteniuneHl as in Artie*le 71, the allowable unit-stress 
being 2 (KK) jK)unds jkt s(|uan* inch (5). If a 7 by 0-inch tie is 
u.se*d, the unit-str(*ss will be 1 olK) jKumds. If a by 8-inch tie is 
use*d, the unit-stress will be 2 340 jkhukIs. It is evident that a 7 
by 0-inch tie nuist Ik* use*d. J^* Fig. 1(50 for spacing of stringers and 
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rails, and for position of the loads. Note that, although impact 
is taken into account in this cast*, the size of the tie is the same as 
that designed for the i>Iate-girder, although the unit allowable stress 
also diifers. 

S2. The Stringers. The width, center to center of tnisses, will 
Ix* assumtnl as 17 feet, since this is sufficient to clear the clearance 
diagnim in cases of single-track bridges of si){ins less than 2r)0 iwt. 

The span which is to be designed in the jollmcimj articles is a 
throiKjh'Pratt with 7 panels o/ 21 feet each, making a total span, center 
to center of hearings, of 147 feet im-hes. See Plate III ( p. 2.") 1 ) . Rivets 
l inch in diameter will l>e used throughout, except in channel flanges. 

The length of the stringers end to end will Ik* 21 feet, and acconl- 
ing to Cooper's Sjx»cifications, p. 32, the maxinnun moment for the 
live load will l)e 220 OCX) |K>und-fect \yeT rail. The coefficient of 

impact (9) will be (i^~^~') = 0.035, and therefore the moment 

due to impact will l)e 0.935 X 220 000 X 12 = 2 5:3.5 000 pound- 
inches, makhig a total of 5 247 0(K) pound-inches due to live load. 

The section modulus for any particular l>eani is ecjual to the 
iKMiding moment dividtHl by the unit-stress, and this is equal to the 
moment of inertia dividtnl by one-half the depth of the l)eam. This 
latter (pumtity is constant for any given beam, and for I-lx*ams may 
be found in column 11, Carnegie IIandl>ook, p. 98. 

On account of the cheypness of I-ln^ams, they will Ik* used for 
stringtTS in this bridge; and sufficiently heavy shelf angles will be used 
to take up any distorting influences due to the eccentric connections 
which are unavoidable in this cast*. In case an I-lx^am had not been 
decidtMl ujx)n, the stringers would have Ik'cii small plate-ginlers with 
a span of 21 feet and depth according to formuhe given. They would 
have Ix^en computeil in exactly the same maimer as a plate-girder 
span of 21 feet center to center of Ix^arings. 

Since the dead-load moment cannot be determined until the size 
of the stringer is known, an approximate design nuist first hv made 
by using the live-load Ending moment alone; and then, with the 
sizt* determined in this maimer, the extni section modulus riHjuin^d 
for the dead-load mcmient due to the weight of the iK^am and the 
track must Ik computed. If this extra section modulus, adilcM^l to the 
one previously determined, is greater than that given by the beam in 



* 
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question, a larger size Ix^am must Ix^ used and a reeomputation made. 

5 247 (XX) 
The section modulus (17) nKiuired for live load only is' " 

* ' 10 (XX) 

= 327.9. As this is too larjj^* for one beam, two l>eams will be usi*d, 

thus givhig a n»(juired section mcxlulus of 104 for one l)t*am. Two 

24-inch SO-jx>und I-l)eams will l>e used, giving a total section modulus 

of 2 X 174 - 34S. 

Assuming the rails and ties to weigh 4(X) pounds per linear foot, 

40() 

the dead load [XT linear foot jx^r stringer is 8() H ■- = 180 jXHrnds. 

4 

ISO X 21 X *^1 X 12 
The dead-load moment is th<'rc»foni — — ^^ — = 119 (XH) 

pound-inclu\s. This iXM|uiix\s an additional section ukkIuIus of 

^_^— = 7.45. This, ad(k*d to the 104 as determined alM)ve, makes 
16 000 

a total re(|uired section nKnluIus of 171 .25, which, lx»ing less than 

174 (which is that for one I-lx*am), indicates that the alx)ve chost*n 

beam is sufficient in strength, and it will therefore* lx» used. 

The numlx»r of rivets in the end connections will now lx» deter- 

mhied. The total end redaction for one I-Ihuiiii is equal to the weight 

of one-half the In^am, oiie-i'ighth the track in the panel, and one-half 

the maximum live-load reaction for one Riil. These quantities aiv: 

J Live-Load lioat'tion ^ - -.-,- ^25 700 pounds. 

Impact -- 25 700 X 0.035 =24 030 '' 

too *>1 
Weight of Track - ' - X -., - 530 '' 

Weight of StriiiKt'r -- 'l X SO = 840 " 

Total ^51 100 pounds. 

The coefficient of impact is that for a loaded length of 21 feet. 

From p. 177, Carnegie IIandlKX)k, sLxth column, it is seen that 

the longest ccmnection angle which can be used with a 24-inch I-beam 

is 2()J, say 20 inches. In this case the thickness of the connection 

51 100 
angles must be --^,^_ —^ = . 23 inch; but according to (36), f 

inch will be used. The angles chosen will be 6 by Z\ by IS-inch. 
'^Phe 6-inch leg will Iw platrd against the web of the ll(X)r-lH»ain in 
ortler to allow for sufficient room for rivets to be driven. 
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The rivets will tend to shear off at places l)etween the webs of 
the stringer and floor-l)eam and the connection angles. They will 
also tend to tear out of the web of the stringer and out of the web of 
the floor-lM^am. As the thickness of this latter is not known, the 
detennination of the rivets for this condition will 1k» made under the 
next article. The Ixuiring value of a J-inch rivet in a ?.-inch plate 

(ID) is ; X i X 24 (XK) = ]{) rm ix)unds, and then^foR''^^ l^ - 5 

shop rivets are required in bearing in the web of the stringer. The 
value of a J-inch shop rivet in single shear (18) is 0.6013 X 12 0(K) = 
7 220 pounds, and the number of rivets required to prevent shearing 

l)etwi^n the connection angles and the webs is --r^^^ = 7 shop rivets. 

The value of a |-inch field rivet in single shear (18) is . 6013 X 10 000 

= (*) 013 TX)unds, and therefore ., ^,,, = field rivets are reciuired to 

6 0Jo 

connect the c^onnection angle to the web of the floor-l)eam. As men* 

tioned above, the numl)er of rivets 

in Ix'aring in.the webof thefloor- 

l)eam will l)e determined in the 

next article; and if the number 

required for l)earing is greater 

than 9, then that numljer must 

l)e used instead of 9. Fig. 167 

shows the connection of the 

stringt^r to the floor-beam web, 

and also the numlx»r of rivets as 

determined above, in their pro|x*r 

|K)sitions. The distance l)etween 

the webs of the stringers must 

be such as to prevent their flanges from touching at the top. 

The stringers should be connected at the bottom by a system of 
lateral bmcing of the Warren type. The size of these angles caimot 
hv determined bv theoretical considerations, but is usuallv chosen to 
be 3i by Si by ^-in. See Plate II (p. 1 72) for the ginieral arrangement 
of this bracing. 

S3. The Floor-Beams. All floor-l)eams should l>e of suffic!(*nt 
depth to allow the use of small-legged connection angles at the ends 



'9 Field 






/lb gam W€b 



Floor Be am Web 



/I-beam Web 



5Kop 
•9 Field 



P^ig. Irt7. Connection of Strinserto Floor 
Bourn Web; also NiimlxT of Rivets, 
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where they join the en(l-jx)sts. The thickness of the web should also 
be greater than that which is theon'tically computed, in order that 
sufficient Iwaring may l)e given so that the rivets for the stringiT 
connections will not re(|uirt* the stringers to be of too givat a d(*pth. 
Tlie depth of the fl(H)r-lH'am will, of course, varj' sonu^what with the 
length of the panel and with the loading, but should not be less than 
3() niches in any case. A consid(Table variation in the depth will 
not affect the weight of the floor-beam or the bridge to an appnnriable 
extent. A good plan is not to exwed a depth of o feet, with panel 
lengths of 25 feet and E 50 loading. In this bridge the depth of all 
intermediate floor-lK^ams will be taken as 4S inches. It is good 
practice not to consider J the web area when designing flanges of 
floor-l)eams and stringers, and the design here given does not consider 
the web as taking any bending moment. 

The design of an intennediate floor-beam will now 1k» made. 
The loads for which it is designed arc the fl(x>r-l)eam rt^action due to 
the live load (see Cooper,p. 32), the floor-ln^am redaction due to impact, 
the dead weight of the stringiTs and tnick, and the weight of the l)eam 
itself. The latter weight is distributcil uniformly over the entire 
length of the l^am, and the other loads act as concentrated loads 
spaced feet inches apart at e(jual distanct\s fn>m the center. 
The computation of the concentrated loads is as follows: 

Live Loa<l ^- (iS 000 pounds 

Impact = OS 000 X ( .,. '^.^^!,,,,, ) (U) MK) '' 

.5* ■+■ .5UU 



0\ y •) V so 
Dead Load of Stringer -- 2 C 7, ) • • -^ -^-0 



( ( 



Dead Load of 'J'rark - "^^^ •' 21 I 200" ' ' 



Total - i:<() 020 pounds. 

The moment at ix)ints under the loads (see Fig. lOS) is 13()02() 
X 5.25 X 12 = S 575 (X)0 jMumd-inches. This is due to the con- 
centrated loads only. The weight of one floor-l)eam may be approxi- 
mately detennined by the same formula as ust^d to determine the 
weight of plate-girder spans; only, in place of the length of the span, 
the length of the panel must be substituted. The total weight of the 
above floor-beam, then, is: 

ir-0.45 X (123.5 + 10 X 21) X 21 = 3 IGO pounds. 
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Tlie dead-load moment at the center duo to this weight will Ix^: 

Wl 3 1 00 X 17 X 12 



= 80 700 pound-inches, 



making a total moment at the center of the Ix^am ofS 575 ()(K) + <SO 700 
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Fig. 168. Diagram Showing Loa^ls on Floor-Boam. 



= 8 655 700 pound-inches. Note that th(» dead-load moment at the 

wnter of the iK^am is added to the concentrated-loa<i moment at the 

point where the concentrate<l load is applied. This will give the 

total moment at the wnter of the Ix^am as shown by Fig. 169, since 

the concentrated-load moment is 

constant l)etween the points of 

application. The end shear is 

readily computed to be 136 020 

+ 1 5S() = 137 600 pounds. The 

cun'es of moments and shears are 

shown in Fig. 169. 

The total depth of the floor- 
Ix^am, l)ack to back of angles, is 
4S J inches ; and the effective depth 
will, for appn)ximate computa- 
tion of the flange area, be taken as somewhat less, say 44h inches, 
since the flangt* angles will probably l)e 6 by 6-inch and the center 
of gravity of most of these angles lies about IJ inches from 

the back. The approximate flange stress is — ~- ,: — = 194 500 

^'"^ 194 500 

pounds, and the required net area (17) will be ^^"qqq" 




5hc(tf6 



Fig. lfR>. Shear anil Moment Diagram. 
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= 12.2 square inches. In assuming the size of the angle, it is to Ix' 
remenilK»red that when, as in this ease, no cover-phi tes are used, no 
rivet-holes will lx» taken out of the top flange, and only one rivet- 
hole will be taken out of the vertical flange. 

Two () by i) by J-inch angles give a gross area of '^ Al scjuare 
ill lies each, and a net s(»ction of 7 . 1 1 — . ()25 =-■ i) . -ISo scjuart* inches 
each, or 12 . 07 scjuare inches net for both. As this is near the re(iuiR*d 
area, these angles will Ix^ taken; and a rt^computation will now In* 
made with the actual eff(»ctive depth, in order to see if sufficient 
variation in the areas occurs to recjuin* another angle to be taken. 
The actual effective depth is now 4S} — 2 X 1 .>^4 = 44.57 niches; 
and making computations with this, it will be found that a net area 
of 12.10 scpiare inches is required. As this is practically the Siune 

as was determined at first, no 
change will 1k» made in the size 
of the angle. 

The web is to Ik* designed 
for a total shear of 187 (U)() 
pounds. The re(juirt»d area (IS) is 

\^7m) ... ... . . 

^ 1.5. /() squaiv mcnes. 



7 6ho 



7 5hop 




II Held 
7 5hop 



4"vVebolTbcam> 
I' Web ot I-beam 



i 



■7 5hop 
II Field 



Floor Beam Web 



Tin. 170. Caljulallon of Number of Hlvots 

through Connect iou Angles of String<'r 

and rioor-Meum WVb. 



''I'^i 



10 000 
and the required thickness is 

\* — = 0.2S6 inch; but on ac- 

48 

count of the Specifications (30), 
J inch must Ik* used. The web 
will accordingly l>e 48 by ^-inch. 
riie deterniination of the numl)er of rivets which go through the 
coimection angle of the stringtT and the web of the fl(M)r-l)eam can 
now 1h* mad(*. The value of a J-inch fiekl rivet in l)earing in a ;^-inch 
plate (19) is } X I X 20 (KH) = 6 5()0 jwunds, and the total number 

refiuired in one connection angle will be - — T^^^ H field rivets 

* ^ 2 X () 500 

(see Fig. 170). 

The pitch of the rivets in the flange can in this case be 
determined bv the use of the formula: 



s - 



T' 
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Since the flange is of the siime cn)ss-scTtion throughout, the value 
of the efl'ective depth will not change, and it can therefore Ixj used in 
the above equation instead of considering the vahie of the distance 
between rivet lines. The shear binng practically constant fn)ni the 
connection of the stringers to the end of the floor-l)eams, the rivet 
spacing vnM be constant in this distance. It will l)e: 

7 880 X 44.57 ,, ., . , 
'^ 137 600 = -^^1 inches, 

the value of a J-inch shop rivet in l)earing in the H-"ich web being 
J X 3 X 24 ()0() = 7 880 i)ounds. This is sivn to be k^ss than 2^ 
inches; but, as the angles have 0-inch legs, this spacing can 1h» used in 
a horizontal direction ; and the distance from center to ct»nter of rivets, 
which will Ix* placed in rows on two gauge linivs, will still lx» greater 
than 2^ inches. 

The shear lx*tween the stringer connections is practically zero, 
and therefore the spacing will Ik* very large. Being over 6 inches, it 
will be subject to (37). 

The connection angles at the ends of the floor-lx^ams will l>e 
taken as by 8 A by ^-iiich, the ()-inch legs Inking agiiinst the web of 
the floor-l)eani. The other legs are chostMi small in onler that they 
may fit into the channels which will V(»ry likely Ik* re(|uired for the 
posts; and acconling to the sixth column, p. 183, (^aniegie Handbook, 
only 8J inches is available for this pur|X)se. This 8| inches is taken 
from a 10-inch channel, since this is the smallest channel that can be 
used which will give room for connection and yet l)e in accordance 
with the Specifications. This is due to the fact that its web (30) is 
greater than I inch. The rivets which connect the end angles to the 
floor-l)eam web are shop rivets, and those which connect the end 
angles to the posts an* field rivets. Sinc*e the size of the post is not 
known, the thickness of its metal, of course, cannot be used, and 
then»fore the numlx*r of rivets required in bearing in the post cannot 
Ik* determined at this time. 

The numlH*r of shop rivets rt*(iuired thmugh the end angles 
and the floor-l>eam web is governed by the lx*aring of the rivets in the 
J-inch web of the floor-l)eam. The value of a J-inch shop rivet in 
bearing in a |-inch web (10), as has just been computed, is equal to 

7 880 pounds, and the number of rivets re(iuir(»d is -— r- — =^ 18. 

^ * 7 880 
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The number of field rivets required in single shear to connect 

the end angles with the posts is ]r.TT7r =-" 23. An even numl^er of 

() Olo 

rivets will, of course, have to Ix^ used, one-half going into each 
of the 3t-inch legs. See Fig 171 for the position and the nunil)er 
of rivets. It must Ix^ remembered that more than these num- 
bers may be used by the draftsman on account of rivet spa- 
cing which may \yv recjuired by 
conditions other than those of 
design. 



Wcbf Of Floor 
Beam 




Channel of 



The design of the end floor- 
beam is somewhat different from 
that of the intermediate floor- 
beams in that the load which 
comes upon it is considerably 
lighter, since this floor-beam 
takes the dead load of onlv one- 
half the panel and the live load 
due to the maximum end reaction 
for a stringer length instead of 

■ 

the floor-lx^am reaction for the 

Fig. 171. Position and Number of Riv*ts cfrintror li*nirth r<f^p TW^npr n 
loConmvtKmlAngh's with Posts. Miingti itii^ui v&tt v ini|jf i, p. 

32). 
The maximum end shear is computed as follows: 

End Shear for 21 -foot Span 51 400 pounds. 

Impact == 51 400 X (2,-^°^^jj^,) 4S 



23 Held 



Dead lA)ad of Stringers = - ^^ - 



000 
1 GSO 



Dead Load of Track = 



400 X 21 
2X2" 



i i 



1 1 



2 100 

Total \0\\ InO pounds. 

The maximum moment due to the al>ove load is 103 ISO X 5.25 
X 12 = 6 500 000 pound-mchcs. ^Flie weight of the beam may l)e 
assumed as 3 1 GO pounds. This is the same as was computed for the 
intermediate floor-beam, but will Ix* used for this beam, since the size 
of the web wilj be the same as in the others; and, although the flange 
area will l)e less, the end connections will l)e somewhat heavier owing 
to the connection of the l>eam to the cnd-jwst and the roller bearing. 
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and this additional weight will cause the total weight of the end 
floor-l)eam to be about the same as that of the intermediate ones. 
The total moment at the center will then Ix^ 6 500 000 + 80 700 = 
6 580 700 pound-inches. 

The depth of the end floor-lx^am will be somewhat greater than 
the depth of the intermediate floor-beams. This is due to the fact 
that it extends doA\iiward a greater distance, resting upon the bearing 
plate, which comes <lirt»ctly upon the top of the rollers. The exact 
depth cannot, of course, l)e determined until after the roller bearings 
are designed; but it may be safely assumed as four or five inches 
deeper than the intermediate floor-bi»ams, and in case this is not 
enough, the draftsman can easily fill in the remaining distance with 
filler plates, as this distance will not l)e very great. In case this depth 
is too great, the flange angles may be l>ent upward at the end, or a 
re-design may l)e made. 

The depth will l^ assumwl as 52 inches in this case. The 
effective depth will be assumed as 48 inches, and this gives an approxi- 
mate flange stress of 

6 580 700 , ._ ^^ , 

— -TTT- - = i:^7 000 pounds, 

and an approximate net flange area rt*quired of 

l.iTOOO ^. ^^ . , 

-^-^^„ = S.57 Houaro inches, 
lo 000 

A 6 by 6 by ,'^(j-inch angle gives a gross area of 5.06 square 
inches, and a net area of 5.0(5 — (J + J) i\ = 4.02 square inches. 
A recomputation with the tnie effective depth requires 8.42 scjuare 
inches net. Two of these angles give 0.24 square inches; and as this 
coincides very clos(»ly with the require<l area, it will l^ used. The 
size of the web plate is 52 by §-inch. 

The pitch or spacing of rivets in the flanges is : 

7 880 X 48 « po • I 
in I '-rt\~ = '^^2 inches. 
JU4 tin) 

The maximum end shear as above computed is taken by two 
stringers; and therefore the numl)er of rivets required in bearing to 
form the connection l)etween the string(*rs, connection angles, and 
the floor-beam web is, for (^ach angle: 

104 H\{) ^ fi , , . , 
.) ^ i- -ii^ = ^ "<*'d rivets. 
2 X ii M»0 
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The value 6 560 in the above equation is the vahie of a ]-inch field 
rivet in bearing in the J-inch web. 

The number of rivets require<l in the end angles on the floor- 
beam is: 

104 TWO , , , 

"7~S80 ^ shopnvots. 

These rivets go through the web of the floor-l>eam. The connection 
of the floor-lx*am to the end-post is made by means of Held rivets and 
a largt* gusset plate. This gusset plate is usually ^ inch in thickness. 
The numl>er of rivets through the end connection angles and this 
gusset plate is governed by single shear, since the rivets will shear off 
between the angles and the gusset plate before they will tear out of 
the gusset plate, as the value of a rivet is greater in bearing than in 
shear. The numl)er re(iuire<l is: 

104 7(K) ,^,. ,, • ♦ 
(> 01.< 

The gi^neral arrangement of the intermwliate floor-beams is 
shown in Fig. 172. The ends of the lower flange are l)ent up as 
shown, in onler to allow the 1-bar heads or anv other section of the 
lower chorrl to have clearance. This makes it necessarj' for the floor- 
beam web to \ye spliced at the ends, as shown. Tlie distance which 
this plate should extend alx)ve the floor-l>eam proper depends upon 
the distanct* which the lower chord is In^nt up. In any case the length 
of the connection on th(* |K)st should Ik* at least equal to the depth 
of the fl()or-lx*ain. Two splice plates, one on either side of the web, 
art* placcMJ hen* in a manner similar to that of a splice as designed in 
the plate-ginler wIkmi shear only was consideriMl. Here shear only is 
considered, and the numUT of rivets which nuist be on each side of 
the splic(» will be: 

i:^7GlO -„ . 
7 880 ^ 1«^»»-Pnvels. 

The 7 SSO which occurs in the above e(juation is the value of a J-inch 
rivet in iK'aring in a ^-inch plate (19). Inspection of Plate II (p. 
172) will make this design clearer. Plate II also shows the shape of 
the end floor-beams. 

The small shelf angle shown in Fig. 172 should have suflFicient 
rivets to prevent any twist of the stringers due to their being con- 
nected on one side of their web only. This number is a matter of 
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ju<l|i;nK>iit. Expcriemr stfiiis t" indittifo ilint onoufili rivets t<i take 
lip imt'-tliird of the total rfacliiin of tlic slriiifp-rs will U- siifticintt. 
This will rp<|iiirc shop rivets, and tlie iiiimWr will W: 

w.i 1 sn_ . ... 

S4. The Tension Membn^. 'i'eiision niciiilitT-s usually consist 
of loii^, thin, tlut plates with eireiilar heads for^tl iijKin their vntls. 




'i'hi'.se circiiliir heads have holes punched thitiugh their centers and 
then verv eart-fnlly Ixircd. Through these lii>les an- nni eviindrieal 
l>iirs (if steel (idled pins. 11ies*> pins connect them with other niem- 
U-rs of tlie lnis.s. Hee Camegie HandlxHik, p. 212, for tid)]e of I-bars. 
The I-lmrs jilven are standaixi I-lxirs; an<i while deijorlnres from these 
widths and tniniminn thicknesses may \)c made, it may Iw done only 
at ;:re:it tost to the purchaser. Note that there arc no staiidanl 
9-iiich I-bars. The tliicknesscs (pvcn arc the minimum thicknesses 
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for that width of bar, and do not indicate that thicker l)ars of that 
wiflth cannot he obtained; hut on the contrary thicker bars of that 
width can Iw obtained, and this shoukl Ik» (k)ne, the minimum thick- 
ness as ^ven in tlie table being avoided if possibk*. 

It has Ix^en found that bars which have a ratio of thickness to 
width of alx)ut one-sixth give gcK>d senice and an* easy to forge. 
This relation gives us a rough guide which will enable us to determine 
the appn)ximate wi<lth and thickness of any bar of a given area. 
Once the approximate dimensions are detemnned, the actual dimen- 
sions can l)e chosen fn)m the market sizes of the material (see Car- 
negie IIandlx)ok, pp. 24o to 250). 

An expression for the approximate depth of the bar will now be 
derived by using the alxne relation. 

hot .1 = Area of hjir, in scpiaro iiiclios; 
,1 =rz Wiiith of bar, in inclios; 
t = Thickness of bar, in inches. 



Tlien, 
also, 



td - .t ; 






Substituting the value of / in the expn\ssion f(^r A, then* n»sults: 

'^riie stress^'s in all the meml)ers in the truss under consideration 
art* computed by the nn^tluKl descrilxHl in Part I, and art* placed on 
the stn\ss sheet, Plate III fp. 251). In the succc^nling design, the 
student should obtain his stn'sses from Plate III without his attention 
Ixnng again calk^l to the matter. 

Table XXI\' gives the tension meml>ers and their dead-load, 
live-load, impact, total, and unit stresses (15), together with the 
r(H|uired aiva, the numlxT of bars, the approximate depth of bars, 
and the final sizes usvd. 

The first st*ven c<ilumns in Table XXIV are s(»lf-explanatory. 
The numl)er of bars to Ik^ us(k1 in any jxirticular cast* is a matter of 
judgment. One fast nde is that an rvrn numher of bars should 
ahrai/s be used, except in the ease of eounferSy where one is permis- 
sihle. This is due to the fact that the placing of one of the main 
meml)ers in the center of the pin would cn^ate a large moment, and 
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therefore an ex- 
cessively large pin 
would be required, 
and accordingly a 
ver}^ large head on 
the I-bar in pro- 
portion to its width 
— all of which are 
very undesirable 
and costly. In gen- 
eral the number of 
I-bars should be as 
small as possible, 
and thev should J>e 
so chosen that the 
widths of the chord 
members increase 
from the ends to- 
ward the center of 
the truss, and the 
widths of the diago- 
nals decrease from 
the ends towanl the 
center of the tniss. 
The area of one 
bar is obtained bv 
dividing the total 
stress by the num- 
lx?r of bars and also 
bv the allowable 
unit-stress. Thus, 
for the memlxT 
LX ^, for example, 
the recjuired area 
of one bar is: 



295 100 



2 X 16 000 
square inches 



.^ = 9.22 
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The approximate depth of this bar is determined bv taking the square 
root of G times the area as above determined. It is: 



(I = \ X 0. 22 = 7. 14 inclios. 

As this is nearer 7 than S inches, a 7-inch bar will l>e cliosen; and 
l(X)king in the first cohunn, Carnegie HandlKK)k, p. 24S, for an art»a 
which will be equal to or in excess of 0.22, it is found that a 
1 2-inch bar sjitisfies this condition, and therefore the section of this 
meml>er consists of two bars 7 by 1 J inches. 

According to f(S()), the first two sections for the lower chord are 
to be made of built-up meml)ers. This requires that instead of 
I-bars they are to Ik» made of angles and plates, or, in cast* the stress is 
light, of channels. The depth of the sc^ction is limited l>v the size 
of the grt^atest I-bar head. As the diameter of the I-bar head depends 
upon the size of the pin, it cannot of courst* In* determined accurately 
l)efon» the pin is designed. It is customary to as.sume the largest 
head, and to design the si^ction so as to clear this. The size of the 
largest head for bars of given width is given in the Caniegie Hand- 
book, p. 212. 

The design of the menil)er LJ^.^ will dejx^nd upon the si/^ of 
the largest head of the 7-inch I-bar of the memlx*r t^L,- '^l^bis is 17.2 
inches; and in onler that the head may have some clearance*, it will 
Ik* necessary' to add \ inch to the top and the l)ottom, making a total 
of IH\ inches. Since the flange angle, as in tlu* case of plate-girders, 
will extend over the plate i\\xn\t \ inch, the plate itself may be 18 
inches wide and still give suffici(Mit clearan(*e. 

The total stress is 2.S4 2()0 j)ounds, and the allowable unit- 
stress (1.")) is 1(»(MH) |)oun<ls per square inch. The required net 
area, then, is: 

2'M 200 . . ^. . . , 

n.) 0(M) , 

Acconling to the Sjx^cifications, the thickness of the plate cannot be 
less than 2 inch. The gross aR*a of two 18 by -^-inch plates is 13.5 
scjuare inches, and the gross area of four So by 3\ by ^-inch angles, 
which are assumed to l)e sufficient, is 9.92 scjuan* inches, thus making 
a total gross area of 23 . 42 scjuare inches. If 5 rivet-holes are assumed 
\o be taken out of each web, and one rivet-hole taken out of each 
angle, this will Require a c»ertain numlxjr of square inches to be 
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174 or Uss 



n 







) 



igg" or less 



r 



deducted fn>m the section, and this is computed as follows: 

Out of webs, 2 X 5 (5 + I) X 3 = 3.75 sci. in. . 
Out of angles, 4 (J + i) X J . • = 1 50 ** *' 

Total = 5.25 sq. in. 

The net area of the section is now determined to be 23.42 — 5.25 =• 
18.17 scjuare inches. This is somewhat greater than the recjuired 
net area, but must l)e used, for according to (30), these are the smallest 
and thinnest angles that may be used. 

Figs. 173 and 174 show the cross-sc*ction and the general detail 
at Lj- ^^^^ width of the memlxT cannot be determined until after 
the section of the end-post is 
computed, since it must fit inside 
of the end-post, the • horizontal 
legs of the angles being cut off to 
allow this. The end-post, Arti- 
cle 5s7, is 142 inches inside. If it 
is assunu^l that all the pin-plates 
on the end-post are placetl on 
the outside, and all those at L^ 
on LJj^ are on the inside, then 
the width of LJj^, back to back 
of plates, must be 14 - (2 X j 
+ 2 X i) = 12} inches or less, 
J-inch clearance being allowed 
between the sides of the angles and the web plates of the end-post 
(see Fig. 173). 

The total net section tlm)ugh the pin-hole at L^ (26) must he 
1} X 18.17 = 22.7s<iuare inches, or 11.35 scjuare inches for one 
side. The plate which is to increase the section must be on the out- 
side, since the intermediate post VJj^ and the two I-bars of member 
VJ^2 n^ust go inside. The gross width of this plate is 1 1| inches (see 
Fig. 174), and the net width is 2w =-- 11} — 5 = (>} inches. The 
net area through the pin is: 

' Two 3i by 3\ by J-in. angles =4.96 square inches. 

One 18 by J-'in. plate = 9 - 5 X i = 6.50 " " 

Total = 11 .46 square inches 

Since this is greater than the 11 .35 required, no plate will be necessary 
to fulfil (26) in this respect. 




Fig. 173. CYoss-Soctiou Showln>f Construe- 
tiou of Lower Chord Member. 



BRIDGE ENGINEEIUXG 




BRIDGE ENGINEERING 211 

Sufficient bearing area must be provided at this point. The 
total stress is 234 200 pounds, the total bearing area required is 

"^ - -— = 9.7() square inches, and the total thickness for one side is 

1) 76 « . 

' * . = . 97() inches. Since the thickness of the web is i inch, the 
2X5 - ' 

pin-plates must be 0.976 — 0.50 = 0.476 inch (say i inch) thick. 

A \-inch pin-plate must be used, and as the total thickness of the 

l)earing area is now 1 .00 inch, this pin-plate will take— ^^ X - \ - 

= 58 550 pounds. The joint is weakest in shear, and will therefore 

recjuire' — - ^ 8 + (say 9) shop rivets. 

In case it is necessary to put the meml)er L'jLj on the outer side 
of LJj^, then the outer legs of the upper angles must be cut off to allow 
f^jLj to pass. This i^iU decrease the section by an amoimt (3i — \) 
X J = 1 .20 scjuare inches. Considering the pin-plate, which is 
(181— 2 X 3V) - } = 11} inches, the \ inch l>eing allowed for 
clearance between the edges of its flange angles, the total net 
sc»ction through the pin-hole on one side will Ihj: 

One Anglo 3i by 3i by J-in. --= 2.48 square inches 

One Cut Angle 3* by 3 J by J-in. - 1 .31 '* 

One Web (18 - 5) i sq. in. =6.50 " 

One Pin-Plate (Hi - 5) J s<|. in. = 2.34 '* ** 



Total = 12.03 square incheB. 

This is greater than 11 .35 as required, and is therefore safe. 

The distance from the center of the pin to the end must now 

Ik* determined (26). '^The total net section of the Ixxly of the membiT 

is 18.17 square inches, or 9.09 square inches for one side, and the 

thicknes.s of the web and the pin-plate is 1 inch. The distance fmm 

9 09 
the pin to the end of the memlnT is then '--- = 9J inches, and the 

distance to the center of the pin is 9i +-,y= lls,sjiy 12 inches (see 

Fig. 174). Rivets shoukl be countersunk where necessarj' to prevent 
interference with I-bars. For signs, see "Steel Construction," Part 
III, p. 192, and Carnegie Handbook, p. 191. 



\ 
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At point Lq of this member, the pin is 6^ inches in diameter, and, 
as previously mentioned, the legs of the angles are cut (see Fig. 175). 



The total bearing area required for one side is 

4.88 



9.76 



= 4.88, and the 



required thickness is ' _ = 0. 781 inch. Subtracting the thickness 

of the i»-inch web from this gives 0.281 inch. A pin-plate f inch 
thick must be used. 

The net area through the pin (26) must be 11 .35 square inches. 







2 Pin Plate 



/ I : • 



\ 




Fig. 175. Elevation and Section Showing Pin Connection at End of Truss. 

This net area, remembering that the angle legs are cut and therefore 
their area is that of a bar 3 J by |-inch, computed for one side, is as 
follows : 



Two Angles, legs cut, 3i by 3i by J-in. = 2.62 square incheci 
One Web 18 X i - CJ X i sq. in. = 5.88 
One Pin-Plate llj X i - 61 X } sq. in. = 1 .87 



<t 



It 



tt 



tt 



Total 10 . 37 square inches. 

This shows the section to be deficient, and the thickness of the pin- 
plate must be made i inch. This gives a net area through the pin 
of 11 .62 square inches. 

The distance Ixitween rivet lines (see Fig. 173) is 17J inches, 
and (44) the tie-plates must be 17J (say 18) inches long, and their 

thickness ^ = 0.346 inch (say f inch). 
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The lattice bars (45) must be 2\ inches wide, and (47) must be 
double. From (45) and Table XXV, page 219, the thickness must 
be f'e inch, the distance c being 17.25 X secant 45° = 2 ft. J^ in. 

The design of the hip vertical VJj^ is also made in accordance 
with (80) of the Specifications. It will be assumed that the section 
consists of one 8 by |-inch plate, and four 3^ by 3i by ^2-inch angles, 
since this is the lightest section that may be used according to the 
Specifications, the 8-inch plate being chosen as it gives some clearance 
between the inner edges of the legs of the angles. 

The total stress in the member is 141 600 pounds, and the unit- 
stress is 16 000 pounds per square inch, thus requiring a net atea of 
8.85 square inches. The plate gives a 
net area of 2.20 square inches, and the 
four angles give a net area of 6.88 square 
inches, making a total of 9.08 square 
inches, one rivet-hole being taken out of 
each angle, and two out of the web, at 
any particular section. The net area is 
somewhat greater than that required, but 
must be used, as this is the minimum sec- 
tion allowed by the Specifications. Fig. 
176 shows a cross-section of this meml>er 
as above determined. 

This member will be connected to the upper chord and end-post 
by means of a pin which is 6i inches in diameter, the diameter of the 
pin being determined later. The total stress is 141 600 pounds, and 
this will be taken by two plates,, one on either side of the memlwr. 
The net section of the member is 9.08 square inches, and the section 
through the pin (26) must be 25 per cent in excess of this, making a 
total of 11.35 square inches, or 5.68 square inches for each plate. 
The total width of these plates will be taken as 12 inches, and this 
(see Fig. 177) will make the required thickness: 



\ tmrnm/M 



mmmmi 



Kig. 176. Cross-Section of Hip 
Vertical. 



5.68 
2c 



A-->->-=0.99inch. 



12,00 - C.25 

Fig. 177 shows the details of these pin-plates. Since the above 
thickness is too great to be punched in one single piece, the above 
thickness will be made up of tw^o plates, each i inch thick. The 
area at section A-A must be equal to that of the body of the bar. It 
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is 12.00 X i = 6.00 square inches for one side, or 12.00 square 
inches for both sides. As this is greater than the 8.85 square Inches 
as above computed, the area at A~A is suflicient, as is abo the width 
of the plate, which was assumed as 12 inches. 

One of the plates will be riveted directly to the member, and the 
other will be riveted to it as a pin-plate. The section back of the pin 
(26) must be etjiial to the net section in the body of the member. The 
net section is 4 . 54 square inches for one side, and the total thickness 
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Fig. irr. (;i>ii 



if Hip Verlical Hi Upper 



of the pin-platcs is 1 . 125 inches, making the distance from the end 
4.54 



6J_ 



The joint between the plates and the main member will be weak 
in shear, the rivets tending to shear off Iwtween the J-incli angles and 
the plate, and also between the two plates themselves. As each side 
takes one-lialf of the above stress, the number of rivets required to 
connect the plates to the main member will be : 
Ul 600 -; 2 ,„ . 

7 220 - 'P^hoP^-V't.. 

and the number of rivets required to connect the inner J-inch plate 
to the outer one which is connected to the member itself will be: 
141 600 -^ 



7 220 



- = SbIioji rivelM. 
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The distance from the center of the pin to the top of the main 
part must be greater than one-half the diameter of the lai^est I-bar 
head — that is, ITJ -i- 2 = say, 9 inches. 

At the lower end, this meml>er is connected to the bottom chord 
by means of a c'ouple of chp angles and four or five rivets. Only 
sufficient rivets are re<[iiired to prevent the sagging of the bottom 
chord, since the floor-beam is connected to the hip vertical above the 
lower chord, ami hence no stress comes on the joint at the lower end 
(see Fig. 178). 

*rhe width of the plate has l)een a.ssnmed as S inches. This 
width is liable to W ehanpnl after the <kslgn of the intermediate 




posts has iH'cn made, since it will be economical to have all the Inter- 
mediate lloor-l>eams of the same length; and then-fore the width of 
this plale will be changed so as to make the width of the hip vertical 
the same as the width of the intermediate posts, 

S5. The Intermediate Posts. I'lie jxjst I'M^ must be designed 
to stand a total stress of 1153 (iO(l pounds. ^Vhere possible, It is 
economind to make the intermediate |x>sts out of channels, as this 
saves a largi' amount of riveting. As seen by the stress sheet, the 
length of these posts is 30.1 feet center to center of end pins. It is 
usually required that must not lie mim- than 100, and this con- 
dition re(]uires that the least nidius of gyration e-.intiot lie less than 
30.1 X 12 ^ „ 

loo ■ ■ '"■ 
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From Carnegie Handbook, p. 101, it is seen that a 12-ineh 30- 
pound channel lias a radius of gyration of 4. 28, and will fulfil the 
conditions. The area of two of these channels is 1 7 . ()4 s<iuare inches. 
The unit allowable stress (10) is: 

P = 10 000 — 70 X ------ — lOOlU) iM>iin(ls per square inch. 

4.2S 

The required area is then determined to be .jjjywv = l^>-2 scjuare 

inches; and as this coincides very closely with the area given, these 
channels are efficient and will Ix? used. 

Fig. 170 shows the cross-section of this post. The radius of 
gyration which was used above was the radius of gjTation of the chan- 
nels about an axis perpendicular 
to their web. The radius of gyra- 
tion of the entire section about 
an axis perpendicular to the 
web will \)Q the siune as that of 
one channel. In onler to have 
the sections safe, the radius of 
gyration about the axlsB-B must 
Ix; e(jual to or grt'ater than the 
other. The radius of gyration 
about the axis B-B can be in- 
creastnl or decreased by spacing the channels. The exact, distanct* 
which will make the two n*ctangular radii of gyration equal may 
be determined by the methotls of "Strength of Materials," or it 
may be found in columns 14 and 15 of the Caniegie IIandl)ook, p. 
102. For any particular case it is equal to the value given in column 
14, plus four times that given in cohunn 15. For the channels under 
consideration, it is e<iual to 7.07 + 4 X 0.704 = 9.89 inches. An\ 
increase in this distance will only tend to increase* the radius of 
gyration about the axis B-B, and will make the post safer about 
that axis. 

Fig. 179 shows a diaphragm. The web of this diaphragm cannot 
be less than I inch, and the size of the angles cannot be less tlian 3\ 
by 3 J by f -inch, as this is the le^st allowed by the Specifications. The 
function of this diaphragm is to transfer one-half of the floor-beam 
reaction to the outer side of the post. The rivets which connect the 




Fig. 17P. rross-Sectlon of Int«»nnetUatf 
Post, Showing Diaphragm. 
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angles to the diaphragm web are shop rivets, and (see design of floor- 
l)eam) must be- ^-t^ = 9 in number. The rivets which connect 
the diaphragm angle with the outer channel of the post are also shop 

1 Q7 PfV^ 

rivets, and are ^r-^- - -^ - = 10 in number, 5 on each side. The 

2 X 7 220 

same rivets which connect the floor-l)eam to the post go through 
the diaphragm angle on that side of the diaphragm next to the cen- 
ter of the bridge, and must therefore be field rivets and take the 

137 600 
entire floor-beam reaction. These must be /,>.«= 23 in number, 

12 on each side. The exact distance, back to back of the channels of 
the post, cannot be determined until after the top chord has been de- 
signed, since the post must slide up in the top chord and also leave 
room on each side for the diagonal members of the truss. The 
width is determined by the packing of the members at joint L, (see 
Fig. 174), and is found to be 9J inches. Since this is less than that 
required above, the post must be examined for bending about an axis 
parallel to the web of the channels. 

According to the methods of "Mechanics" and "Strength of 
Materials," with the help of the Carnegie Handbook, p. 102, the 
moment of inertia about this axis is found to be 286.42, and the ra- 
dius of gjTation 3 .00. The unit allowable compressive stress is then 
computed to l>e 9 580 pounds per square inch, and the required area 

--* _ - = 17.10 square inches, which, being less than 17.64, shows 

the st^ction to be safe. 

Tliis memlxT is connected to the top chord at its upper end by 
a 5-inrh pin. The total stress is 103 600 pounds, and the total bear- 

ing area required is * = 6.8 square inches, or 3.4 square inches 

24 000 

for each side (19). The total thickness of the bearing area for each 

. 3.4 . 

side is -- = 0.08 inch. The thickness of the web of a 12-inch 
5 

30-pound channel is 0.513 inch, which leaves 0.08 — 0.513 = 0.167 

inch as the thickness of the pin-plate, but it must be made f inch 

according to the Specifications. Fig. 180 shows the arrangement of 

the plates and the rivets. 
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Tlif simi toliii of the pin-plates and the channel web is 0.888 
inch, and then-fore on one side tlie stress transferred to tlie pin bv 

meansof the pin-pIate, which IS O.dtn inch, is-^X — — f, q^ 

= 34 000 poun<ls. This plate will tend to shear off the rivets between 

it and the channel web, and therefore _ ,^^ = 5 shop rivets are 
required. 

The stress thiit is shown on the stress sheet is the stress in the 
post above the floor-Warn. The stress in that part below the floor- 
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Fig. 1W. ArranKi'n 



i>r Piiiti-.K, Rivi'i> 




a total thickness of ^ vr> 



beam is equal to the vertical component of the diagonal in the panel 
ahead of the post in question. In this case it is the vertical com- 
ponent of the stress in UJj2' '^"'^ 's etjual to 242 000 pounds, and this 

. 10. 1 square inches, and 

1 .01 inches on each side, the pin being 

5 Inches in diameter. From this total thickness must be suhttacted 
the thickness of the web of the channel, and this leaves 1 .01 — 0.513 
= 0.497 inch as the total thickm-ss of the pin-plates retjuired. Thi.s 
shows that wc must ii,sc one Vincli platr. The total thickness of the 
bearing area is nowO. 513 + 0..iO = 1.013 inches. 

Each plate takes a total stress of J~ X ^^-^ = 59 700 
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pounds; and the joint being weak in shear, the number of rivets 

59 700 
required will be - = 9 rivets in single shear. The detail will be 

similar to that in Fig. 180. 

The distance, back to back of the channels in this post, will 
probably not l)e greater than 12 inches, and this will make the dis- 
tance between rivet lines about 9 inches. According to (44), the end 
tie-plates must be at least 9 inches long and of course 12 inches wide. 

9 
The thickness cannot be less than ^7; = 0.18 inch, but they will be 

made | inch (36). Between the tie-plates the channels will be con- 
nected by means of lattices. The Specifications (45) require that 

they should not l)e less than 2 J inches in width and (1 .414 X 9) — = 

40 

0.318 (say \) inch in thickness. Table XXV gives the thickness of 

lacing bars Tor any distance l)etween rivets. 

TABLE XXV 
Thickness of Lacins: Bars 
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1 ft. 3 in. 


i in. 
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1 ft. ry\ in. 


I'rt in. 


2 ft. 2J in. 


i in. 




1 ft. 8 in. 


\ in. 


2 ft. in. 
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1 ft. iOA in. 

* 


A in. 


2 ft. <)} in. 


? in. 




2 ft. 1 in. 


2 in. 


:ut. inn. 



A width of 2} inches is chos(Mi al)ove, since according to (^aniegie 
Handbook, p. 183, a J-inch rivet is the largest whicli can l>e u.sihI in 
the cliannel flange. 

The post UJ^3 must Ik* designed for a total strtvss of 87 000 
pounds. It will he assununl that two 10-inch 20-pound channels 
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with u Riiiiu^ ipf jryratior. o •'» azA ar. iir».-ii •■: '• m' >i|uai>.' inches each 
will U; -iiffici r.t. Tfif It-ruth, u- r»-f«':v.i- ;V».l fr-t-t. and the unit- 



p = i»; i.Mi - 70 






x7 Ti ■ I 



ITie n-^iiiiittl area is -— = 1».»>» siiiare inche>. Since the 

total art-a of the two channoLs is 1 1 .7»"» :i4{uaiv inches, and the reijuired 
area is 0.0 sr{uare inches, it is seen that thi-y do not o»incide very 
closelv. These channels, however, l^'ill U* iisetl, since the thickness 
of the weh is the thinnest allowed liy the Specifications, and the 
width of the channels is the smallest that c;ui lie iise<l and still give 
sufficient nioni to make the connections l^'ith the enil ci>nnection 
angles of the floor-lieains. 

The lower end of this post aisi^ has a diaphni^i which must 
transfer half of the stress to the outer channel of the post. The sides 

of the diaphrasrni are the Siime 
a< in the posts pn*viously ile- 
signe^l : and the numl>er of rivets 
recjuired is ci^mputeil in a simi- 
lar manner and found to U^ as 
indicated in Fig. ISl, which 
shows the cross-section of this 
post. 

At the upper en«l the l>ear- 
ing area riMjuired on one chnn- 




FIK' 1^1- Cross-Section of Intermediate 

I»OSt 

87 KX) 



ncl is^ ^. -.7 = 1.814 sciuare inches, and the thickness recniireci 



is 



LSI 4 



.') 



= 0.3f>.S inch, a o-inch pin heiiig usimI. As the web of the 



channel is 0.3X2 inch thick, it will give .sufficient l)earing area 
without pin-plates. 

At the lower end, the vertical component of UX^ is 157 500 
pounds. The Iwaring an»a re<juireil on each side of the post is 

c\ rv/x/A^ '^.2^ scjuare inches, and the thickness is '."' - 0.66 
2 X 24 000 .') 

inch. The thickness of the channel web lx*ing . 3S2 inch leaves . 660 

— 0.3S2 = 0.278 inch as the required thickness of the pin-plate; 
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but i inch must k- used, making it total thickness of ().3.S2 + 0.375 

= 0.757 inch. The plate will carri' " l!^^ X - ~|^ = 39 000 

39 000 ' 

pounds, and tins retjuires ---Aof," ^ ** ^^"P "^'♦'t^ in single shear. 

The distance, Imck to t>ack of channels, will Iw the siune as in 




iN Showing DPtall iit Omst 



UX,, an<l therefore the tie-plates and lacing bars will Ik- the same. 
Fig. 1.S2 gives a detail of the lower end of l'^,. 

SO. The Top Chord. Tlio top chords of small railway bridges 
may be made of two channels laced on tlieir top and Ixittom sides. 
This is not very fpxHl practice, since it leaves the tops of the chaimcls 
open and lets in the rain and snow, which tends to deteriorate the 
joints. It is b<.-tter to add a small cover-plate, even if this does give 
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an excessive section. In case of stress such 
as is demanded, the chords may consist of 
two channels and a cover-plate. In this 
case it is necessary to place small pieces 
called flats upon the lower flanges of the 
channel, in order to lower the center of 
gravity of the section and to bring it near 
the center of the web. This section makes 
a very economical section in that it saves 
much riveting. On account of channels 
lx?ing made only up to 15 inches in depth, 
the use of this section is quite limited owing 
to the fact that it is not deep enough to 
allow the I-bar heads sufficient clearance, 
for the I-bar heads in bridges of even ordi- 
narj' span will exceed this amount. 

The most common section is that which 
consists of two side plates, four angles, and 
one cover-plate. Sometimes this section 
has flats placed upon the lower angle, in 
order to lower the center of gravity, as ex- 
plained above. According to (33), the sec- 
tion should be as symmetrical as possible, 
and the center of gravity should lie as near 
the center of the web as is consistent with 
(»conomv. 

In case the stress is great enough to 
demand a heavier section than that above 
described, additional plates are added upon • 
the sides of the original plates, and heavier 
and larger cover-plates and angles are used. 
Fig. 183 shows different types of chord sec- 
tions. 

Ir addition to the cover-plate being 
designed to withstand the total stress, close • 
attention must be paid to (42). This clause 
has been inserted on account of practical 
considerations, since it has l)een found out 
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that if plates are made much thinner than the proportions here 
required, they will crumple up and fail long before the allowable 
unit of stress as computed from the formula has been reached. In 
some cases — especially where the stress is light — the proportions laid 
down in (42) and (36) will govern the design of the section, instead of 
the required net area as determined by the formula for the allowable 
unit compressive stress. 

The design of the first section of the top chord will now be made. 
Here, as in the case of the first sections of the lower chord, the 
diameter of the head of the greatest I-bar determines the width of the 
plates in the section The head of the 7-inch I-bar which constitutes 
the member C/jLj is 17i inches, and, allowing a clearance of i inch 
on either side of the head, the total depth inside the chord should be 
18J inches. As in the case of the lower chord, plates 18 inches wide 
may be used. 

The size of the angles to be chosen is a matter of judgment. 
Usually any size should be chosen at first, and the preliminary design 
will indicate at once what size should have been taken. For this case, 
3i by 3^ by f-inch >\nll be assumed at first. 

For sections of this character, the radius of gyration is approxi- 
mately equal to OAh, in which h is the height, or rather the width, 
of the side plate. The approximate radius of gyration is r = 0.4 X 
18 = 7.2 inches, and the length is equal to one panel length, or 21 
feet. The allowable unit of stress (16) is: 

P - 16 000 - 70 X — 7^2~ " ^^ ^^^ pounds. 

449 500 
The required area is- -_,^ = 33.2 square inches. The correct 

lo OOU 

proportion for sections of this character is that 0.4 of the total area 

should be taken up by the web. The area of the web would then be 

0.4 X 33.2 = 13.28 square inches, and the thickness would be 

13 28 
- ' Q = 0.37 inch. According to this, a f-inch plate should be used, 

2 X 18 l^g 

but (42) re<|uires that it shall be -;^ = 0.483 inch or thicker. 

Therefore an IS by i-inch plate must be used for the web. 

The correct proportion for sections of this character is that the 
width between nlates should be about J the width of the side plates. 
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This will give Xhv R*(juiiXMl wiilth lx*t\veen plates ecjual to ^ X 18 = 

15.75 inches. The cover-plate (42) must not Ik* thinner than -- 

40 

the distance Ix^twtvn the connecting rivet lines. The rivet lines are, 

in this case, 15.75 ^- 2 X 2 ^^^ 10.75 inches ajmrt, and therefore the 

1 o *^\ 

thickness of the cover-i)late cannot l)e less than //— - =0.494 inch. 

40 

The cover-plate will theri'fon* l)e taken as \ inch thick. The wndth 

of the (»over-plate (see Fig. 184) 
must 1h» about 15.75 + 2 X 3i 
4- l = 231 inches (stiy 23 inches). 
The (*over-[)late will be taken 23 
bv \-inch. 

Tlie center line of pins will 
Ix* taken at the center line of the 
web, and the center of gnivity of 
the section will be assumed as i 
inch alK)ve this. In order that 
the center of gravity may be near 
that assumed, the moment of the 
cover-plate about the assumed 
centtT of gravity axis should be 
alnnit (M|ual to the moment of the 
flats al)out the same axis. The 

moment of xhv cover-plate al)out the assumed axis is: 

L>;{ X ^ (•.».() - 0.5 + 0.25 ■{- 0.25) « ^'^--^-^- ] 
and the moment of the flats al)out the same axis is: 

.1 (I».0 f 0.5 } 0.25 \' 0.5) - 10.25-4. 

in which A is the an'a in s<[uarc inches of lM)th of the flats. Equating 
tlM\si» two c\\pn\ssions, an<l solving for J, then* n»sults: 

23 X ^) 
.1 ^ ., inor"— 10. 1 square inrliea. 

Assuming the flats to V)C 4 inches wide, the thickness on each side 
will Ik* 1 .25 inches. As this is too thick to punch, the flats on each 
si<lc will be compostnl of tw(.) 4 by J-inch {)lates. 
The total area is: 






Pig. IHl. Soctl»>n of Top Chord. 
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One cover-plate = '2li X i ^=11.5 sq. in. 

Two web plates = 2 X 18 X A =-18.0 
Two flats 4 X U = 10.0 



< ( < < 



Total 39.5 sq. in. 

But the required area is 32.2 square inches, which is considerably 
less than the area alx)ve given, and which does not include the angles 
and hence we can use the smallest size angles, which are those pre- 
viously assumed. The area of each of these angles is 2.48 scjuart* 
inches, thus making the total art*a of the section 39.5 + 4 X 2. 48 = 
49.42 squart* inches. This is considerably in excess of the area as 
rtHjuired according to the formula for compression ; but it is the least 
allowed by the Specifications. Note that this is the case where 
(42), instead of the formula for compressive stress, is the ruling factor 
in the detennination of the section. 

The c^enter of gravity of the appmximate secticm must now l)e 
determined, the moment of inertia and the radius of gyration about 
the neutral axis must l)e ctjmputed, and the required area nmst l)e 
determineil by using this radius of gj'ration as computeil. If the 
required area as determined with the actual radius of gjration is less 
than the approxirriate area, then the thickness of the angles or the 
plates must bt* increased and the st»ction then examined for its radius 
of gyration and required area. If the area is sufficient, the section 
is used; if not, another recomputation is in onler. 

In the determination of the center of gravity of the section, the 
moment is taken about the top of the cover-plate, llie moments are 
computed as follows: 

Cover-plate (23 X }) X J 2.88 

Webs 2 (18 X i) X (9 + }) 17.3. (iO 

Top angles 2 (2.48) X (1.01 + J) 7.50 

Lower angles 2 (2.48) X (i -♦- ^ + 18 f- 1 - 1 .01) 89.30 

Flats 2 (4 X 11) X 193 190.25 

Total 471.53 



riy 



The center of gravitv is now found to l)e -- —^ r— ^ = 9.55 

tVj.oO + 4 X 2.48 

inches from the top of the cover-plate. Tlie distance from the top of 

th<* cover-plate to the middle line of the web is 9 + } + J = 9.75 

inches, and this leaves a distance of 9.75 — 9.55 = 0.2 inch fn^ni 

the center line of the web to the neutral axis. This distancv is gtMi- 
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«-rally n-|)n'>4*iif«'«l liv thr Irtirr r. ami il i>kin»\\ii a> llio arrntricityof 

Tin- iiioniciit <if iiuTtiii alMHii tlii> axis must ii«»w Ik' computetl. 
'I'lic n'latioii iis4-<| i^ that ilic innnuMit of iiuTiia aUuit anv axis is 
r^jiial to \\m' inoiiKMii of inertia alnjiit simicoiluT axis, /i/iw the product 
of thr siiiian- of the ^H.^-taiio* ln'twet'ii the two axes hv the area of the 
MTtii>n whox* iiiomnit of inertia is Wesin'^l. The moments of inertia 
of ihi- various |mrts of the s«'etion (sir **Stt*eI <'onstniction," Part 
IV, |>|>. 202 and 21K5! an- computed and arc as follows: 

CriviT-pIati- ^♦.'».'i 'ZW 

\\VI»s I Si; 72 

T«>j) :inj:I*'s .■VJ5.74 

I^DWiT aiii:N> 35*.*. 7 4 

riats 1017.:{7 

Total :} lS4.s:i 

'V\w railius of ^ynition is efjual to the Mjuan* R>ot of the quotient 
obtained l)v dividing the moment of inertia bv the area. It is 
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I'sin^ this vahie of the radius of gyration in the formula for th<* c*om- 

pressive stn-ss, there is ol)tain<>d K> S(K) |N>imds as the unit allowable 

. . 1 il • .449 i>(K) „ 

stress \\\ eoni|)n'ssion, an<l this n*<|iures an an'a ^"-r.j \.^. - •>-•*) 

square inches. Since this is consid<»ral)ly less than the actual an*a of 
the s<*ction. the s<'ction will not Ik? change<l but will be tiiken as first 
assumed. 

In onler that the section should be safe alxmt lx)th axes, the 
moment of inertia about the axis j)erpt*ndicular to the cover-plate 
should be e<|ual to or ^n»ater than that as alxwe ccmiputed. By com- 
puting tlu* moment of inertia about the axis pt»r|KMidicular to the 
cover-plate, it is found to Ik* .*^ 2r)t).3, which ^ves a radius of gj'ration 
of S . 1 1 ; and since both of thes<» an* greater than those first cxmiputed, 
it is seen that tlu' section is safer about the axis perpt»ndicular to the 
cover-phite than it is about an axis |H»qx*ndicular to the web plates. 

Then* an* small stn\sses in this meml)er clue to its own weight 
and to the fa<'t that th(» pins an* not placvd <lin*ctly U|K)n the neutral 
axis (see **StnMi^'lli of Materials/' ]>. S2). 'Jliese stn\sst\s art* seldom 
m(»n' thai: I (HK) |M>unds |H»r s(|uan' inch in the extreme fibR*; and 
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sintv the section has such an excess of area, they will not 1k» ctjniputed, 
as it is evident that there is sufficient strength in the membtT to with- 
stand them. 

The section just designed is that for the top chord having the 
greatest stress; and since this is the'ininimum section allowed by 
the Specifications, it must l>e used in all the sections of the top chord. 

The section as finally designed is: 

One cover plate, 215 by \ inch; 
Two webs, 18 by J inch; 
Four angles, 3 J by 3 J by J-inch 
Four flats, 4 by J -inch. 

A pin 6J inches in diameter will lx> used at the point X^j. The 

stress in the memlxT U^U^ is 378 200 pounds, and the bearing area 

378 *^X) 
required is -^.-~jr- = 15.75 scjuare inches, or 7 . 875 for each side. 

24 000 ^ , ^. 

This makes a total re(|uinMl thickness of .' * * = 1 . 205 inches for one 

side. Since the thickness of the web plate is \ inch , it will Ixi necvssary 
to provide pin-plates whos(» total thickness must l)e 1 .265 — 0.5 = 
. 765 inch. Two J-inch plates will give a thickness of . 75 inch ; and 
sinc*e this is less than the re(|uiR»d thickness by an amount not over 
2\ per cent, they may Ik* usc<1. The total thickness of the InNiring 
area is now 1.265 inches. The stnss transferred to the two 2-iuch 
plates is: 

s = r^-^ X 181) 100 = 113 500 pounds. 

The rivets recjuired to keep the outer plate from shearing off the 

113 500 
other are ^ o»>n^^ shop rive ts,an<l the rivets recjuired to keep both 

of the 2-iiich plates from shearing off the web of the chonl section are 

113 5(K) 

-;; * = 16 shop rivets in single shear. The U^aring of a J-inch 

f £imm\J 

shop rivet on a \-inch plate is 10 500 pounds, and therefore the num- 

l)er of rivets rt»quired to keep these pin-plates from tearing the rivets 

113 500 
out of the l-inch web plates is ———- =11 shop rivets in bearing. 

Fig, 185 shows the detail of thisenil of the top chonl siM*ti(Mi. 'Hie pin- 
plates should extendi well back on the meml)er, and at least one pin- 
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plate should go over the angle, and enough rivets, as computed above, 
should go through the angles and this pin-plate. Ex|)eriments on full- 
sized bridge members go to show that unless the pin-plates cover the 
angles and extend well down on the meml)er, the member will fail 
before the unit-strt*ss reaches that value computed by the formula 
for compression. 

Since the ends of the chortl are milled at the splices, and therefore 
butt up against each other and allow the strt»ss to be transmitted 





Fig. 185. I)<»tail of T«)p (/hord .Section at Point T,. 

directly, only sufficient rivets need Ik* plact^d in the splice to keep the 

top chonl sections in hne (oo). 

At the {X)int U^y it is not iiecessiiry to put in a pin-plate to take 

the stn\ss in the upper chonl; but it is only necvssar}' to provide a 

pin-plate to take uj) the difference in stress Ix'twt^en the tw.o chord 

sections. This difference in stress is ecjual to the horizxmtal com- 

ixment of the maximum stress in the mcmlHT UX^. This is 110 000 

pounds, and the area require<l on each side for In^aring is 2.3 square 

inches; and as a 5-inch pin is used here, the thickness of the l>earing 

2 3 
area is -_- = 0.46 inch. As this thickness is less than the thick- 
5 

ness of the w^eb plate, no pin-plates will Ih^ n^cjuired. 

At the |X)int f "3, a bearing* an a will be nH|uiR(l to withstand the 

horizontal corn{>onent of the memlHT r.,/>^. This is M 300, and the 
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bearing area required on each side is ----- — ;; =. 1 . 18 inches. The 
^ * • 24 000 X 2 

1 18 
required thickness of the l)earing area is -^- =0.24 inch, as a 5- 

inch pin is used here also. As this thickness is less than the thickness 
of the web plate, no pin-plate will be required. 

The under parts of these meml)ers must be stiffened by tie or 
batten plates, and these plates (44) must l)e equal in length to the 
distance l)etween rivet lines. Tliis is 101 inches. They will be made 
20 inches long and 23 inches wide. The thickness of these plates (44) 

must be — ^ = 0.39 inch (say ^V inch). The size of the tie-plates 
50 

will then be 20 in. by ]\ in. by 1 ft. 11 in. 

Since the distance Iwtween the rivet lines is greater than 15 
inches, double latticing must be used (47); and according to Table 
XXV the lacing nmst be J inch 
thick; also, according to (45), it 
must be 2^ inches wide, as the 
rivets used are | inch in diam- 
eter. The lattices will then be 
2.\ by o-in. 

87. The End-Post. Since the 
minimum section as chosen for 
the top chord is about 50 per 
cent in excess of that required by 
the compression formula, it w^ill 
l)c assumed to l)e sufficient for 
the section of the end-post, and 
it will now be investigated to see if it is safe. 

In addition to the strt^ss due to dirt»ct compression, the end-post 
is stressed by its own weight, by eccentric loading due to the pin being 
in the center of the web instead of at the center of gravity of the 
section, and to a bending moment at the place where the portal brace 
joins it. Tills is due to the bending action of the ^-ind on the top 
chord. These different stresses will now be computed; and since the 
post is in all cases stressed by a combination of bending and compres- 
sive stress<\s, this fact should be considered in the design. In deter- 
mining the stress in the end-post due to its own weight, the entire 




Fig. 186. Calculation of End-Post. 
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weight must not l)o used in computing the l)en(ling action, but only 
that component of it which is ix*r{x»ndicular to the end-post. The 
length of the end-ix)st is n-adily computed, and is as shown in Fig. 
186. The general fonnula for accurately computing strt^sses due to 
bending when the meml)er is also subjected to comprt»ssion, is: 

c _ ^^^^ _ 

lOE 
in which, 

jS = Stress in pounds per square inch in the extreme upper fibre of the 

beam; 
M = Exterior moment causinp the stress, and is considered positive if it 
bends the beam downward, and negative if it bends the beam up- 
ward; 

j/i= Distance from the neutral axis to the extreme upper fibre; 

/ = Moment of inertia of the section; 

P = Direct compressive stress, in pounds; 
I = Total length, in inches; 

E =» Modulus of elasticity of steel, which is usually taken as 28 000 000 
pounds per square inch. 

In this case the force causing the lx*nding is that component of 
the weight perpendicular to the end-post. This is III sinp, in which 
W^is the weight of the steel in the end-post; and this is computed and 
is as follows: 

('over-plat<» 1 435 lbs. 

Web plates 2 245 '* 

Angles 1 250 " 

Flats 1 245 " 

6 175 lbs. 
Add 25 per cent for details 1 544 " 

Total. ... 7 719 lbs. 

Substituting in' the alxne formula the various values, there results: 

_ l_X_7 710 2;^:}fi.7_X 0.572 X_12jx: 0.55 

410 50 X (:}6.7 y_V2)^ 
10 X 28 006"000 " 
= 800 pounds per square inch compression in the upper 
fibre due to bending. 

In the above equation, the stress in the meml)er is 410 500 pounds; 
the distance y^ is the distance fnmi the neutral axis to the top of the 
cover-plate, and the coefficient of elasticity of steel is taken as 
28 000 000. 
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In computing the stress due to the eccentric loading, the moment 
is equal to the product of the total stress in the member by the dis- 
tance from the neutral axis to the center of gravity axis causing a 
negative moment. Substituting in tlu* above formula for combined 
stresses, there results: 



^S 



- 410 500 X 0.2 X 0.5r> 



_ Jl()r>(M) X (30.7 X 12)" 
10 X 28 000 000 



+ e7o 




= 270 pounds per 8(iuarc inch tension in the upper fibre. 

In order to find the compression in the lower fibn*, it is only necessary 
to notice that the stresses are proportional to the distances from the 
neutral axis. Accordingly (see Fig. 187), 
the stress in the lower fibre due to the 
weight is 805 pounds tension, and the 
stress in the lower fibre due to the eccen- 
tric loading is 302 pounds comprt^ssion. 

Before computing the stress due to the 
l)ending moment caused by the wind on 
the upper chord, it is necessary to in- 
vestigate the post to see if it is fix(»d or 
hinged at its lower end. This is very 
important, since, if the post is found to 
be hinged, the bending moment will Ik* +8 95 
one-half of that which will occur when ^'^*^- i^^. caUuiution cf stnss 

in c ii< >r(i. 

the jx)st is not hinged. 

An end-jx)st is considered hinged when the pnKluct of one-half 
of the total str(\ss finws the distance lK»tween the web plates is greater 
than the product of the wind load acting at the hip, or joint l\, limes 

. 410 500 
the length of the end-|)ost. In this case the first value is — - X 

15 ^ 3 075 000; and the pnxluct of the latter (see Article 29) is 
12 (KX) X 30. 7 X 12 = 5 550 000. Since the latter is greater than 
the former, the post is hinged, and the l)ending moment at the foot 
of the portal strut, which joins the eml-post 28.2 feet from the end, is 
300 X 28.2 X 12 = 2 130 000 pound-inches. The strt^ss in the 
extreme fibre due to this l)ending moment is: 

2 130 000 X 115 



.S = 



3 256.3 - 



410.500 X (30.7 X 12)^ 



10 X 2S 000 000 
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= 8 260 pounds per square inch tension or compression. 

In computing this stress due to the wind moment, care must be taken 

to take ?/j ecjual to one-half the width of the cover-plate^ and to take 

the moment of inertia as that about the axis perpendicular to the 

cover-plate. 

In computing the total stress on the extreme fibre, it must be 

noted that the stresses due to weight and eccentric loading do not 

strt»ss the same extn^me fibres as the stress due to wind, the former 

stressing the extreme fibres on the top and bottom of the post, while 

the latter stresses those on the inner and outer sides. ITie total 

410 500 
direct unit-stress is - '—- = 8 310 pounds per square inch; and 

this, added to the 8 250 pounds per square inch due to the wind, 
gives a total of 16 500 pounds per square inch on the extreme 
fibre only. 

Qft 7 V 19 

The allowable unit-stress is 16 000 - 70 X-^ „— = 12 200 

pounds per square inch when wind is not taken into account, and 
(23) is 1 } X 12 200 = 15 250 j)ounds per square inch when the wind 
is taken into account. The diflFerenct* between this and the actual 
stress Is 10 560 — 15 250 = 1 310 pounds per square inch, w^hich 
shows that the section is not strong enough, llie section can be in- 
creased by widening the cover-plate or by making the plates thicker; 
but as this excess is due to wind only, the section being amply suffi- 
cient under the other stresses, and is fixed to some extent by the 
floor-l)eam connection, no change will Ik* made. 

The pin at each end of the end-post will he the same — ^namely, 
61 inches in diameter — and therefore the pin-plates will be the same 
at each end. The total stress in the post is 410 500 pounds, which 

410 500 
makes a re(iuir(»d Ixniring area of -prr-^rpj: = 17.2 square inches for 

24 OCX) 

both sides, or 8.6 square inches for one side, and the total required 

8 6 
thickness of ;[-^ =- 1.375 sciuare inches for one side. Since the 
6. Jo 

thickness of the web plates is h inch, this leaves a remainder 

of 1.375 — 0.5 = 0.875 inch for the thickness of the pin-plates. 

One plate J inch thick and one plate h inch thick will be used. 

The proportion of the total stress which is taken by the ^-inch 
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plate 



0.375 410 500 



56000 pounds; and that taken by the 
74 COO pounds, llie number of 



iiO 
finch plate is . j^X 203 250 = 

rivets required to transfer the stress from the ?-inch plate to the finch 

plate is ' „.,,: -= ^ shop rivets In single shear; and the numWr of 

rivets requireti to transfer the stress from l»oth pin-plates to the web is 

56000 + 74(i00 ,^, , ■<■■■, A • .u , 

— — -= IS shop rivets in single shear. As m the case of 

the top chord, one pin-plate should extend over the angle, and the 
number of rivets retjiiired in that pin-plate should go through the pin- 
plate and the angles (see Fig. 
188). The g-in. hinge plate is 
use<l for erection purposes, and is 
not considered as a pin-plate. It 
is omitted at L,. 

Since this section is the same 
as that of the top chord, the tic 
plates and the lattice bars must 
be the same size. 

88. The Pins. The design of 
the pins requires a simple but 
quite lengthy computation. Sim- 
ple I'ratt railroad trusses for 
single-track bridges usually have 
the same arrangement of tension 

and compression meml)ers; that is, the same tension meml)ers occupy 
relatively the same positions with respect to the compression mem- 
bers. Also, while theoretically a different .sized pin will be required at 
every joint, it is not customary to make them so. In practice the 
pins at the joints ['; and L^ are made of the same diameter, and 
those at the remainder of the joints are also made in diameter equal 
to each other but different from those at [', an<l L^, the pins at (.', 
and L, usually being larger in diameter. On account of the above 
conditions and facts, it is unnecessaiy to design the pins in spans 
under 200 feet, since usually they are the same for any given span 
and loading. Table XXVI gives the diameters of pins for spans of 
100 up to 200 feet for loading E 50. 
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TABLE XXVI 
Pins for Single-Track BridKes 
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r>o 
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Spam 




(\ aiul /, 


Dl \MKTKK OK 

1 


Pin 


All Others 








100 ftMH 




t '. iiiclu 


'S 




1 


inchos 




n>:> " 




5! •• 








t i 




ir>o •' 




(P. 






"•! 


( 4 




175 •' 




<),' '• 


1 




-,' 


t i 




200 *' 




7 


1 
1 




(> 


( i 





For E 40 ioa<iinp, ilocroaso the above values by 1 inch; for 1^ 30 loailiiifi;, 
(leercaso tliein by i iiieh. The diameter of pins for spans n»>t pven in the 
table can be interpolated from the ^iven values. No pin kIkmiM be less than 
.*U inches in diameter. 

The span of tliis hrid^o is 147 (siiy ]'){)) ftrt, and thr diameter 
of the pins at l\ and L„ is (i\ — I ^ <)} indies; and tlie diameter 
of tlie pins at tlie other panel |K)ints is ."){ — J =z f, inches. It 
should Ik* noted that no pin is n^cinin^l at jK)int A^as the two mem- 
bers which join lien* arc* luiilt-up memlxTs and an* riveted tot^etlier. 

The a!H)ve tahh* is for sin^le-traek Ijridtrcs onlv. The diameters 
of pins for donhle-tniek bridges nrv pven in Table XXVIT. Thesi* 
values an* for E .")() loadinjj;; and for K 10 and E .'W loading, deduc- 
tions must 1k' made as n^juinMl in the eas(* of Table XXVI. 

TABLE XXVII 

Pins for I>ouble-Track Bridges 

Loading K .'>() 



Si'AN 

KM) f(>el 
llV) " 

ir>o •• 
i7r> •• 

2(M) " 



I)i \Mi TKit UK Pin 
r, and /.., All Otliers 

(i inches 

S 

'.> * ' 7 

■'i *^i 

(ki " s> 



iy] inches 
I << 

m 

1 1 

1 1 



No pin in a di»ubh'-track britlije shouM bi* less than -1 J inches in diameter. 

Pins for highway bridj^es an* u.sually nmeh less in diameter than 
thos(* for railway bridges, excrpt in the eas(* of (irst-elass tnisses for 
heavy interurfjan tndlic or for city bridges carrying jXived stn*ets, 
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where they should be laken equal to thos(^ given for E 30 loading. 
Table XXVIII gives the diameters of pins for different length spans 
of simple highway bridges designed for 16- ton road-rollers or farm 
wagons and 100 pounds per square foot of roadway. 

TABLE XXVIII 
Pins for Country Highway Bridjces 





Span 


DiAMKTEF 


t OF 


Pi: 


v 






Ui and Lower Chonl 


Upper C-honl 






50 feet 


2^ inches 






2 inches 






100 '* 


3 






2k '* 






150 *' 


SI '* 






2i ** 






200 '* 


4 






3 






e.3. 



6 * 



gL>-3^g-3-V -ir- 



e'5 



89. The Portal. In onler to have a clearance of 21 f(H*t (2) 
above the top of rail, it is necessary that the portal 1m» as shown in 
Fig. 189. The stresses are found 
by methods of Article 54, Part I, 
the wind load being computed 
acconling to (10). It must l)e 
rememl>ere(l that the column is 
hinged. 

In case the members of the 
portal braces l>end alx)Ut one 
axis, their length will l)e tH|ual 
to the distance from one end to 
the other. In case they l)en(l 
about the other axis as indicated 
by the bn)ken line in Fig. 189, 
tluMr length will \ye one-half of 
what it was in the first case. 

The portal struts or 
diagonals will l)e designe<l first. 
Their length is 8.5X1.414 = 
12 feet, or 144 inches. This is 
the total length. Although 
the S})ecifications do not men- 
tion it, the ratio of the length to the mdius of gyration should 
not exceed 120. This means that the radius of gyration in this 
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Fig. 189. Portal Dimension and Stress' 
fHaj^ram. 
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144 
case should be greater than— — = 1.2. The section of the strut vn\\ 

be composed of two angles placed back to back. 

Two angles 3V by 3 by |-inch, with an area of 4.6 square inches 
and r^ equal to 1 .72 — see Camegie Handbook, p. 146, and (72) — will 
be assumed to l)e' sufficient to take the stress, and they must now be 
examined to see if the a.ssumption is correct. 

The allowable unit-stress (23) is 25 per cent greater than in the 
case of live or dead lomls. This makes the unit-stress as computed 
from the formula: 

P = fm 000 - 70 X -1-!-,) U = 12 680 pounds per square inch. 

The requirt^d area is' ^ * = 3.05 square inches;. and since this is 

less than the given area, the angle will be amply sufficient. The re- 
quired area is over one square inch less than the given area, but this 
angle must l>e used, since it is the smallest angle allowed by the Specifi- 
cations. Note that unequal legged angles should be used, as this will 
make the radius of gyration about one axis larger than about the other; 
and this will prove economical, since, when one axis is considered, 
the length of the member is greater than when the other is considered. 
The above angle should also l)e examined for tension, it being 
considered that one rivet-hole is taken out of the section of each angle. 
The net section of the two angles will now l)e 4.60 — 2 (J - + J) X | 

38 500 
= 3 . (Sf) sciuare inches ; and the area required for tension is — 

* ^ 16000X1.25 

= 1 .93 s(juare inches, which shows that the angle is amply sufficient. 
It should be noted that these Specifications do not require that only 
one leg of the angle shall l>e efficient unless both legs are connected. In 
case this stmt had Ix^n designed according to Cooper's Specifica- 
tions, two angles 5 by 3 by J-inch would have been required, and the 
5-inch leg would have In^en placed vertically and the angle connected 
by this leg alone. While it is not within the province of this work to 
discuss the (juestion of connecting angles l)y one or by lx)th legs, yet 
it might be said that tests made on angles a)nnected with one leg 
only, seem to indicate that the ultima te strength in tension is about 
60 per cent of that ol)tained from the same angle when tested >\nth 
both legs connected. 
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While according to (20) the alternate strains in the wind bracing 
do not have to be considered, since they do not occur very closely 
together, yet in framing the connections it is recjuired that the sum of 
both positive and negative stresses shall be added. In this case the 
stress for which the connections must be designe<l is 2 X 38 500 
= 77 000. It must be rememl)ered that in this case also, the 
unit-stresses are increased 25 per cent over those allowed for live and 
deml loads. 

The number of rivets required in. the end connections will be 

governed by bearing in the connection plates, and these plates are 

usually made f-inch thick. The number of rivets required is 

77 000 e , . ^ 77 000 m « u • , 

= 8 shop nvets, or ^ — = 10 held nvets. 



7880 X H "^ 6560 X \\ 

The portal bracing is riveted up in the shop and brought t6 the 
bridge site, where it is connected to the trusses by field-riveted con- 
nections at its end. Therefore the end of the portal struts which 
connect with the top piece will have 8 shop rivets, and the other end 
which connects with the end-post will have 10 field rivets. Since 
the angles are small, all the above rivets must go in one line, and this 
will cause the connection plate to be quite large. It will probably be 
better to connect both legs of the angle by means of clip angles and 
thus reduce the size of the connection plates. 

The top part of the portal bracing will consist of two angles. 

Two angles 3^ by 3 by f-inch will be assumed and examined to 

determine if the area is sufficient. The length of this strut is the 

distance center to center of trusses, and is equal to 17 X 12 = 204 

204 
inches. The least radius of gj ration is therefore .«^ = 1 .70. The 

Rulius of gyration of the two angles assumed is 1 .72 when referred to 
an axis parallel to the shorter leg when the. two angles are placed back 
to back and one-half inch apart. The unit-stress is now computed: 



P = 



(O04 \ 
16 000 - 70 X " -2 j 1 J = 9 625 pounds per square incli. 



27 200 

The required area is ^ = 2.825 square inches. This is con- 

siderably less than the area given by the two angles; but as these are 
the minimum angles allowable, they must be used. Since the stress 
in this case is less than in the previous case, and since the angles 
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used are the same, it is evident that these angles an- safe in tension. 
The number of rivets is determined by the l)eariiig in the f-inch 
connection plates, and is: 



2_X_27_200 
7880 X l'.'21 
2 X_2J 200 
)XI.25 



shop rivets, and 



As in the case of the lateral strut, this memlier shonid be connected 
by both legs of the angle in order to reduce the size of the et)nneetioii 
plates. Fig. HK) gives the 
details of the portal bra- 
cing and its method of 
connection to the end- 
post. The full circles 
represent shop rivets, and 
the blackened circles rep- 
resent field rivet.t. Some 
engineers connect the 
portal bracing to the top 
cover-plate of the end- 
post. This produces an 
excessive eccentricity in 
the end-post and is bad 
practice. 
Those mcmlxirs of the portal bracing which do not taki; any 
stress will Iw made of single angles, and the size of these angles will be 
taken SJ by 3 by ^-ineh. 

00. The Transverse Bracing. This bracing wilLlx- the samp 
general style as the jwrlal bracing, except that tli<^ toj* nieinlK-r will 
consist of two angles placed at a distance apart c<|ual to the depth 
of the top chonl, and these angles will l>e joined together by lacing. 
As in the case of portal bracing, those meml)ers which do not take 
stress will lie made of one angle 3\ by 3 by ^-inch. 

The general outline is shown in Fig. 101 , and the stressi'.s are (vm- 
pute<l from (10) and by the methods of Article o4. Part 1. In design- 
ing this top memWr, the top angle only is supposed to take the stre.ss. 
The length in this case is 204 inches. Two 3^ by 3 by |-iiich angles 
will be assumed as sufRcient and will be examined, lliesc angles 




Fig. 110. Details or Portul Hraclng and 
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give a total area of 4 . 60 square inches. In examining these it will 
be found that they are amply sufficient, in fact so much so that it will 
Ik? lx*tter to see if one single angle at the top will not be better. 
According to the length, the smallest radius of gyration which can be 
used is 1.7. In looking over the tables of angles, it is seen that the 




Fig. 191. General Outliae of Transverse Ilnioing. 



first angle to fulfil this condition is a 6 by 3J by i-inch, and it has a 
radius of gyration of 1.94. The allowable unit-stress is computed 
as follows: 

P - ^16 000 - 70 X i^^^)^\ = 10 780 pounds per square inch; 

9 100 

and the n*(juinMl urea is }z. -- =0.85 sciuare inch. This is con- 

10 /80 
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siderably smaller than the area of the angle, which is 3.97 scjuare 
inches; but since this is the smallest possible angle which will fulfil 
the conditions of the Specifications, and since it is much smaller than 
the two angles as first assumed, it will be used. Fig. 192 gives a cross- 
section of this meml)er. Since this angle is 
joined to the cover-plate by one leg, the joints 
will be weak in single shear^and the number oT 
rivets required will be: 




2 X 9 100 
7 220 X 1 1 

2 X 9 100 
6 013 X 1 1 



2 shop rivets, or 



= 3 field rivets. 



Acconling to (45), the width of the latticing 
must l)e 21 inches; and according to Table XXV, 
the thickness must be ^\ inch, the distance c l)e- 
ing 1 foot 11 inches. 

The length of the knee-bracing is 144 inches; 
but on account of the small strt^ss, one angle will 

Fig. 192. CrossSec- i /x 4 i o i t • i i -.i. 

tion of Top Member of [)q usod. One 4 l)V o l)v ^-mch auj^le, With ail 

Transverse Brat'lng. *^. i " ^ i i" 

an*a of 2.4S s(|uart* mches and a radnis of gyra- 
tion 1.20, will l)e assumed as sufficient. The radius of gyration 
is greater than the mininnun allowable, which is 1.2. The allowable 
unit-stress is: 

P - AgOOO - 70 X Y^^^) U = 10 000 pounds per square inch. 

1 2 3(K) 
The requioKl area is -";^^. = 1.23squart» inches. The required 

10 (XK) 

area is much less than the given area; but this angle must he use<l, 

since it is the only one allowed on account of its radius of gyration. 

Two of the minimum sized angles might have l)een used; but their 

total area, 4.60 square inches, is much in excess of that of the angle 

used. 

This angle must be examined for tension. The net art»a is 2.48 

— (I + J) X s ^ 2.1 square inches. The re(|uired net area in 

12 300 
tension is . " = 0.()ir) scjuare inch, which shows this angle 

to be amply sufficient. 
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The number of rivets required will be governed by the shear, 
since the angle is connected by one leg only; and it is: 

2 X 12 300 „ , . ^ , 

7 220 X Ih ^ ^ ^^ rivets, and 

2 X 12 300 . c I J • * 

GOis^U"-*^^^^"^'^*^- 

91. The Lateral Systems. The stresses in these systems must 
be computed according to (10) and Article 54, Part I. They are given 
on the stress sheet, Plate III (p. 251). Since according to (68) these 
meml)ers must be constructed of rigid shapes, it is customarj', in com- 
puting the stresses, to assume that one-half the shear is taken by each 
of the diagonals in any given panel; that is, one diagonal is in tension, 
and the other diagonal is in compression. The 
stresses given on the stress shet^t are computed 
by making this assumption. Also, since both 
diagonals in each panel are considered as acting 
at the same time, the stressi*s in all the verticals 
are zero. 

The section of the upper lateral members will 
be made up of two angles placed apart a distance 
equal to the depth of the top chord. Fig. 193 
shows the section. The radius of gyration about 
the axis parallel to the long leg will be consider- 
ably larger than that about an axis parallel to the 
shorter leg. In fact, it is so much greater that the 
strut will not need to be examined witli respect 
to this axis. The diagram of the first panel is 
given in Fig. 194. The radius of gyration is to he taken alx>ut 
the horizontal axis if the entire length is to be taken; and the radius 
of gyration is to be taken about the vertical axis if one-half the 
length is taken, in which case it will bend as shown by the broken 
line in Fig. 194. The members are designed for the latter 
conditions only, since they are amply safe in regard to the first 
condition if they satisfy the latter. The length in this latter con- 
dition is 13.5 feet, which requires a radius of gyration not less than 
13.5 X 12 




'-•nr-^-ft-^- 




FlR. 193. 



"-'"ss; 



Section of 
Lateral 



ember. 



120 



= 1.35. 



Two angles 5 by 3 by f-inch, with a total area of 5 . 72 square 
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inches and a radius of gyration equal to 1 .61, will be assumed and 
investigated to determine if they are sufiGcient. 

The unit-stress is computed to be P = (16 000- 70 X "^f 5i— ) >< 



1 J = 1 1 000 pounds per square inch, and the required area is 



1.61 

6 700 

11000 



0.61 square inch. The required area is very much less than the 
given area; but the angle chosen must be used, since this is the 
smallest one which conforms to the reciuirement.*? of the Specifications. 





Pig. 194. Outline Dlapram of First Panel 
iu Upper Lateral Sysu*ni. 



Flff. 19f». Outline Diagram of First Panel 
iu Lower Lateral System. 



The width of the lattices (46) must be 2^ inches; and according 
to Table XXV, the thickness must \ye fV inch, the distance c being 
23 inches. 

Single shear governs the number of rivets required. In accord- 
ance with (20) and (23), their number is ii*^ ^ rivets. Field 

rivets 3 in numlK»r ure used in all places, since the lateral system is 
riveted up after the tnisscvs art^ swung into place. 

Since" this is the minimum siz/cd angle which mil give a radius of 
gyration gn^ater than 1 .35, it must he iisvd in the remainder of the 
panels of the top chonl. Four angles of the minimum size might 
have been used, and would have been satisfactory, except that the 
area would have lx?en excessive. 

The stresses in the lower lateral system are computed according 
to (10), a similar assumption to that for the upper lateral system being 
nmde — namely, that both diagonals in each panel arc stressed at the 
same time, one taking tension and the other taking compression. 
Fig. 195 shows the first panel of the lower lateral system. These 
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diagonals are connected to the stringers wherever they cross them, 

and also to each other where they cross in the center. This reduces 

the length which must be used in computing the cross-section of the 

member. In this case it is the distance C--1, and is equal to 90 inches. 

Since the angle is free to move about either axis, angles with even 

legs should preferably be employed, since this will give greater 

90 
economy. The radius of gyration must be greater than = 0.75. 

One angle 34 by 31 by f-inch, with an area of 2 .48 square inches 
and a radius of gyration of 1.07, will be assumed and investigated. 

The allowable unit-stress is P = (16 000 - 70 X ,^) \\ = 12650 

1.07 

30 500 
pounds per square inch, and the required area is—- -— - = 2 . 38 square 

I^ oou 

inches. This is nearly equal to the given area, and therefore the 

angle chosen will be taken for the section. 

This angle must now be investigated for tension, one rivet-hole 

being taken out of the section. The net area is 2.48 — (J + i) | = 

30 500 
2.10 square inches. The required net area is— / ' - -7 = 1.53 
* ^ 16000 X IJ 

square inches, which shows the angle to be sufficiently strong. 

Single shear determines the number of rivets to be required. 

These are : 

2 X 30 500 « fi , I • ♦ 

All rivets in the low^er lateral system are field rivets, since this system 

also must be riveted up in the field after the trusses are swung into 

place. 

The total stress in the second panel is 21 500 pounds, and a 

3J by 3 by J-inch angle, with an area of 2.30 square inches and a 

least radius of gyration of . 90, will he assumed and examined. The 

90 
allowable unit-stress in compression is IJ (16 000 — 70 X - — ) = 

u . yu 

21 500 
1 1 250 pounds per square inch, and the required area is ^ = 1 .91 

square inches. Since this is less than the given area, and since the 
size of the angle (72) is the smallest allowable, this angle must 
be used. 



244 



brid(;e engineering 



It is required that this member shall have a net area of 

21 500 
-;. 7r^:z — ;, = 1.08 square inches in tension. The net area of the 
16 000 X U * 

angle, one rivet-hole being taken out, is 1.92 square inches, which 

shows the angle to l)e safe in tension. 

The number of rivets required is detennined by single shear, 





Fij?. ISW). Two Types of Hearings. 

since they tend to shear olF In^tween the meml)er itself and the con- 

2 X 21 500 

nectini' plates. The number reciuired* is "* 7 = field rivets. 

^ • * 6013 X U 

Since the above angle is the smallest that can Ik? uswl, and since 
the remaining angles of the panel of the lateral bracing have smaller 
stresses than the one just designed, it is evident that this size angle 
must be used in all panels of the lower lateral system other than the 
first. 

92. The Shoes and Roller Nests. For bridges of short spans 
and for plate-girders whose spans require rocker bearings to be pro- 
vided (80), several different classes of Ixni rings an* in use. Two such 
bearings are shown in Fig. 196 (a and b). The tyix? illustrated by a 
is seldom used on any spans except plate-girders. That shown in b 
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may be used on either plate-girders or small truss spans; it is the 
invention of Mr. F. E. Schall, Bridge Engineer of the I^high Valley 
Railroad, who uses it on plate-girders. It has given very great satis- 
faction; and for simplicity of design and also for economy it is to l)e 
recommended. Some railroads have useil a bearing which consisted 
of a lens-shaped disc of phosphor-bronze, the faces of which fitted 
into corresponding indentations in both the masonry and the bearing 
plates. One advantage of this bearing is that it allows movements 
due to the deflection of the girder, and also lateral deflection of the 
floor-beam. It is claimed to have given satisfaction. 

A bearing which is used on both short-span and long-span bridges 
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V\\i. 197. Beariug Adapted to Bridges of Both Short and Long Si>an. 

is shown in Fig. 197. This class of bearing will l)e used. The end 

reaction of the bridge pn)j)er is e(jual to the vertical component of the 

30 1 
stress in the end-post, and is ' X 410 500 = 336 500 pounds, 

■ 330 500 

which recjuires a l)earing area (19) on the masonry, ot —^. -"= ^^ 

square inches. According to the table on page 193, the masonry 
plate will !x* 2K inches long. 

The total bearing aix»a for one of the vertical plates is: 

3.36 500 „ _ . , 

2X2T()dO= ' square inches; 
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and ^, computed from the above formula, is 9° 30'. Substituting in 
the equation giving the value for y, there is obtained 1.02 inches (say 
1} indies) for the distance between rollers. Rollers must not be less 
in thickness than the total expansion allowed for temperature. 

Since there are 5 rollers, there are 4 spaces between them. Also, 
since the rollers must occupy a space of 28 inches, the length of the 
maaonry plate, each roller must be: 

— 4.6 inches (a»y 4} inchu) wide. 

The width of the guide-bars must be such as to allow freedom 




Fig. Vn. Detalln dI £nd FIooT-Beom ConnectlOU. 

of motion for the rollers. The maximum width allowable is ^ven by 
the formula:* 

" ^ "2 ^"^ ^' 

in which •!> and D are indicated above. This requires the bar to be. 

IT- X 0.08S = 2.or> (Bay2))inchea wide. 

03, The Stress Sheet. Plate III shows the stress sheet of the 
bridge which has been designed in the preceding articles. This 
shc('t represents the l)esl current practice among the laiger bridge 

• Derived b; 
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corporations. It will 
be noted that veiy 
few detaib are given 
upon the sheet; also 
that few rivets are 
noted, and that 
sketches showing the 
manner in which the 
parts go together are 
entirely wanting. Tlie 
shears and moments 
for the stringers and 
floor-beams, as well as 
the reactions and the 
number of rollers re- 
quired, are given. This 
is to save the drafts- 
man the trouble of 
recomputing values 
which have necessarily 
liecn determined by 
the designer. 

The details of the 
various members, and 
also the manner in 
which the different 
members are con- 
nected, are left to the 
draftsman, who is un- 
der the direct super- 
vision of the engineer 
in charge of the draft- 
ing room, upon whom 
rests the responsibility 
for good detaib. The 
figures given in the 
text indicate the best 
current practice. Figs. 
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202 to 204 show details of the end floor-beam connections, and also 
the packing of the members of the upper and the lower chord. The 
arrangement here given may be said to l)e standard for single-track 
Pratt truss spans up to 200 feet in length. 
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1. Classes of Roof Trusses. Roof trusses may be divided into 
three classes according to the shape of their upper chord. These 
three classes are: 

(1) Triangular roof trusses; 

(2) Crescent roof trusses; 

(3) Roof trusses other than these. 

Fig. 1 shows various forms of triangular roof trusses. The 
Pratt and Home trusses are shown respectively by a and b. These 
trusses obtain their name on account of their web bracing being of the 
Pratt or Howe type. The triangular truss in most common use is the 
Fink, next to which is the Saw-tooth. The Fink truss is built in a 
variety of forms, as shown in Fig. 1 (c, (/,f, and /),c being for spans 
up to 60 feet; c for spans up to 70 feet, and d and / for spans up to 80 
feet and over. The great advantage of this style of truss is that 
many of its members have the same stress, and therefore it can be 
constructed more cheaply on account of the fact that a large amount 
of the same sized material can be purchased at once. 

When the top chord of a roof truss becomes bent as shown in 
Fig. 2, the truss is called a crescent roof truss. The bracmg in the 
crescent roof trusses is not of any particular form, being as a usual 
thing built of members which can take either tension or compression, 
rhb is made necessary by the fact that the curved upper chord may 
cause either tension or compression in the webbing, according to the 
angle of its inclination with the horizontal. 

Roof trusses which do not come under either of the above classes 
may be regarded in a class of their own. To thb class belong those 
trusses which are somewhat like a bridge truss in that the two chords 
are horizontal or nearly so. The ends of these trusses may be rec- 
tangular or not. For various types of this class of truss, see Fig. 3. 

In addition to the above classification, which is based on the 
form of the chords, roof trusses may be divided according to the 
manner in which their members are connected. This classification 

Copyright^ 1908^ by AmiHean School of Corrttpondewce, 
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a. Pratt 



b. Howe 



c Common Pmk 



d. Common Pink ( long span) 



ft Modified Fink or Fan Truss 




f. Modified Rnk or Fcin(lon<5 span) 



North 




North fi 




g Saw Iboth h Ketehum's Modified SowTooHr 

Fig. 1. Triangular Roof Trusses. 





Fig. 3. Crescent Koof Trusses. 
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Fig. 3. Trusses with Chords Almost Parallel. 
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is that of pin-connected and riveted. For a definition of this, and for 
figures showing such joints, see "Statics," pp. 22 and 23. 

Trusses are seldom built as pin-connected unless they are of 
long span, since roof trusses are comparatively light, and pin-con- 
nected trusses, unless of considerable weight, do not give very great 
stiffness. 

Riveted roof trusses are used for nearly 
all practical purposes, since they give great 
rigidity under the action of wind and of mov- 
ing loads, such as cranes, which may be at- 
tached to them. 

2. Physical Analysis of Roof Trusses. 
In pin-connected roof trusses, the tension mem- 
bers consist of I-bars or rods; and the com- 
pression members are made of channels or angles and plates, either 
plain or latticed. In riveted trusses, both tension and compression 
members are made up of angles and plates or a combination of the two. 
The top chords of roof trusses of medium span usually consist of two 
angles placed back to back. If the stress becomes too great to be 
taken up by two angles larger than 5 by 3^ inches, then two angles and 
a plate are used (see Fig. 4). In case the roof truss is of great size and 




Pig. 4. Chord Section 
for Heavy Stresses. 










Fig. 5. Fig. 6 

Chord Sei'tions for Trusses of Long Span. 



the stresses are exceedingly large, the chord member may be built up 
in a manner somewhat similar to a bridge truss, being constructed of 
two channels and a plate, or four angles and three plates. Figs. 5 and 
6 show cross-sections of chords for long-span riveted trusses. These 
cross-sections may also be used for pin-connected trusses. 

The web members of a truss usually consist of one angle; and 
if this is insufficient, two angles back to back are used. Fig. 80, 
page 65, gives a diagram of a roof, and shows not only the roof trusses 
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but also various other parts which will be referred to in the succeeding 
articles. 

3. Wind Pressure and Snow Loads. The wind pressure on a 
flat surface varies, of course, with the velocity of the wind, and is very 
closely given by the formula: 

P = 0.004^ 

By substituting in this formula, the values shown in Table I are deter- 
mined for given velocities in miles per hour. 

TABLE I 
Wind Pressure at Various Velocities 



Velocity 
(Miles per hour) 


(Lbs. 


l*RF.88!IRK 

per square 


foot) 


Remarks 


10 




0.4 




Breeze 


20 




1.6 




Strong breeze 


30 




3.6 




Strong wind 


40 




6.4 




High wind 


50 




10.0 




Storm 


60 




14.4 




Heavy storm 


70 




19.6 




Hurricane 


80 




25 . 6 




K 


100 




40.0 




It 



The pressures indicated in Table I are peqjendicular to the direction 
of the wind. WTien the wind blows on an inclined surface, the wind 
is assumed to be acting horizontally, and the normal component on 

the inclined surface is deter- 
mined. This component is not 
equal to the horizontal pressure 
times the sine of the angle of 
inclination, as one would sup- 
pose (see Fig. 7), but is greater 
by a small amount. Roofs are 
usually figured on a basis of 40 
pounds pressure on a vertical 
surface. The value of the nor- 
mal component for a horizontal wind pressure of 40 pounds per 
scjuare foot, is given on page 24 of "Statics," and is here, for con- 
venience, reduced to the normal pressure for any given pitch. 
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Fig. 7. Theoretical Determination of 
Normal Component. 
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Pitch 
30*» 



Normal Wind Pressurb 
34 pounds per square foot. 
32 



<4 



*t 



H 



It 



il 



<< 



It 



tl 



1 30 *' 

1 ' 26 " 

t 22 

If the normal pressure on a roof making any other angle with the hori- 
sontal is desired, see ''Statics/' p. 24. 

The determination of these values is based for the most part on 
data obtained by experiment. In the computations relative to the 
design of buildings, the wind is usually assumed to exert a pressure 
on the walls of 130 pounds per square foot. 

The snowfall 

50 

8 



Tor Racific Coast 
\rid Regions 
alf tabular vol 




40 
Latitude In De<^rees 

Fig. 8. Unit Snow Loads. 



varies with the lo- 
cality. The heav- 
iest snow loads 
which come upon a 
roof are not always 
in the locality of 
the heaviest snow- 
fall, since a compar- 
atively light snow- 
fall may occur, and 
if this is followed 
by wind and sleet, 
the result will be a 
load greatly in ex- 
cess of the snowfall itself. The snow load per square foot of roof 
surface varies with the pitch of the roof, and will be greater the 
smaller the pitch. The ice and sleet will be comparatively constant. 
Fig. 8* gives values of snow and sleet loads which are recommended 
for use. It is customary to figure the snow load by taking it as so 
much per square foot of horizontal projection. 

EXAMPLES FOR PRACTICE 

1. Compute the wind panel [load on a roof whose pitch is i, 
and whose panel length is 15 feet, the distance between trusses being 
16 feet. 

2. Compute the snow panel load for the truss of Problem 1^ above. 

*Ke(chum*8 "Steel MiU Buildings,** p. U. 
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4. Weights of Roof Trusses. The weight of a roof truss varies 
with the material of which it is constructed, the span, the distance 
between trusses, the pitch, and the capacity of the truss. The actual 
weight, of course, cannot be determined until after the truss is 
designed; but an approximate weight may be obtained from any of 
the empirical formulae which are now in use. Table II gives the 
most common and best of the empirical formula?, together with the 
names of their authors. 

TABLB II 
Formuls Qlvlnz Weights of Roof Trusses 



Formula 


Author 


w'-I-^Omo) 




Mansfield Mcrriman 


W = al(l^^^) 




E. R. Maurer,(p. 23, "Stotica") 


'^ = '^ (25 + eD- 


wooden trusses. 


N. C. Ricker 


45 \ 5V a/ 




Milo S. Ketchum* 



W - 2a(4 + 2^) l/z»"+ r^ j ^- W.Bryan 

W « al (0.06 I -f 0.6) for heavy loads ) p ^ FnwUr 

W ^ al (0.04 I + 0.4) " light "1 ^- ^' *'''*''®^ 



In the above formulae, 

W = Weight of steel in truss, in pounds; 

P » Capacity of truss in pounds per square foot of horizontal projec- 
tion of roof; 
r = Rise of peak, in feet; 

n = Distance center to center of trusses, in feet; 
/ = Span of truss, in feet. 

ROOF COVERINQS 

5. The roof is covered with some material which \^^ll protect 
the interior of the building from the action of the elements. This 
covering may consist of any one or more of the materials which, 
together with their weights per square foot, art* indicated in Table III. 
The weights here given for materials which must be laid upon sheath- 
ing, do not include the weight of the sheathing, which is given sepa- 
rately. A short description, together with necessary information for 
use in estimates, will now be given. 

♦••steel Mill Buildings." p. 5 
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TABLE III 
Approximate Weii^hts of Roof Coverings 



Material 


Wewht per Square Foot 


White pine sheathing 1 inch thick 


3 lbs. 


Yellow pine sheathing 1 inch thick 


4 •• 


Batten sheathing, 4-in. by 1-in. 


2J " 


Slate 


10 " 


Skylight glass, including frame 


10 " 


Tin 


1 " 


Shingles 


3 " 


Corrugated steel 


2 " 


Flat tiles 


12 to 25 " 


Corrugated tiles 


10 " 


Concrete slabs 


35 to 50 " 


Felt, asphalt and gravel 
Felt ana gravel 


10 " 


10 " 


Patent roofings 


i to li " 


Sheet steel 


• U" 


Non-condensing base 


r " 




Fig. 9. Method of Laying Slate. 



Sheathing. Sheathing is generally laid directly upon the purlins 
(see Article 6); and upon this are laid the shingles, slate, tin, or tile. 
Sheathing is usually made of a single thickness of planks, 1 to 2^ 
inches thick, laid close together. In some cases, however, when 
batten sheathing is used, it 
is spaced from 2 to 4 inches 
apart. This has the advan- 
tage of being cheap and at 
the same time allowing good 
circulation of air beneath 
the roof covering, and con- 
sequently dampness due to 

any cause will soon dry out. Batten sheathing is much used where 
the roof covering consists of slate, shingles, or tile. 

Slate. Roofing slate is generally of the characteristic slaty color, 
but may be obtained in nature in greens, purple, reds, and other 
colors. It is made in thicknesses of from J to J inch, in widths from 
6 to 24 inches, and in lengths from 12 to 44 inches. The 12 by 18 by 
I'e-in. slate is probably the most commonly used. Slate should be 
laid as shown in Fig. 9, and the pitch of the roof should not be less 
than \. If the pitch of the roof is less than this, the lap should be 
made greater than 3 inches, as is shown in Fig. 9. The lap should 
be increased at least ^ inch for every f^|^ in pitch; and the minimum 
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pitch should never be less than \, since it is practically impossible to 
prevent roofs with a smaller pitch than this from leaking, especially 
if a strong wind is blowing. 

The number of different sizes of slate required to lay 100 square 
feet of surface, and also their weight, are given in the handbooks of 
the various slate companies. With a 3-inch lap, it takes 160 of the 
size and thickness mentioned above to lay 100 square feet, and the 
total weight of this square is 650 pounds. Slate is one of the most 
durable of roofing materials. Its first cost is hi^, being from 5 to 
8 dollars per hundred square feet; but the cost of maintenance is 
almost nothing, since it is affected neither by the elements nor by the 
action of gases or acids. In case the roof would be subjected to the 
action of gases or acids, it is advisable to use copper slating nails. 

Skylight Glass. Skylights usually consist of glass about ^^ to 

First Stage 1 Rnished «a «> i i 

^^'"ejj ■/Sololer 







^ Sheathmg -^ Sheathing -^ 

Fig. 10. Tin Laid with Flat Seam. Fig. 11. Tin Laid with Standing Seam. 

J inch in thickness, supported on light members of iron or galva^ 
nized iron which act as a framework. The actual weight of glass of 
different kinds can be accurately obtained from manufacturers' cata- 
logues, and the student is referred to these; they may be had by 
addressing the manufacturers (see Figs. 73 and 74) . 

Tin. This is made by coating thin, flat sheets of iron or steel, 
either with tin alone or with a mixture of tin and lead. In the first 
case the product is called bright tinplaie, and in the second case ieme 
plate, Teme plate must not be used where it will be subjected to the 
action of acids or corrosive gases, since the lead coating is rapidly 
destroyed, and then of course the iron also. 

Tin plates come in various sizes and thicknesses; but usually 112 
come in one box. The most cocMnonly used is a sheet 20 by 28 
inches, and of sheet iron of No. 27 gauge, which weighs 10 ounces to 
the square foot. This is marked "IX." If the box were marked 
"IC," it would indicate that the sheets were of No. 29 gauge metal, 
which weighs 8 ounces to the square foot. The value of the roofing 
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depends to a great extent upon the amount of tin used in the coating. 
This will vary from 8 to 50 pounds for a box of the 20 by 28-inch 
sheets. 

A tin roof is formed by fixing together a number of these sheets. 
The sheets may be connected as sho\ni in Fig. 10, or as shown in Fig. 
11. In the first case, they are said to be laid with a fat seam, and 
in the second case they are said to be laid with a standing seam. Tin 
roofs rot out very it*adily unless they are kept painted. If a new coat 
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I Cornuqation 5ide Lap 

V\k. 12. LappiiidT of Corruijated SU'el. 

IS given them every couple of years, they will last from twenty to 
thirtv vears. 

Tin can be laid on roofs whose pitch is very small, say -^. The 
first cost is about as much as that of slate, but the cost of mainte- 
nance is very high. 

Shingles. Shingle roofs are very seldom used on buildings for 
manufacturing purposes, for the reason that they take fire quite 
readily, leak quite easily, and require renewal quite often. Shingles 
are from 18 to 24 inches long, and usually run from 2 to 8 inches in 
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width, although they can be obtained of a uniform width of from 4 
to inches. They art* laid like slate, the lap being made 4 inches or 
more. They should never hv. laid on nK)fs whose pitch is less than J. 
It takes about from S()0 to 1.000 shingles to lay 100 sc|uare feet of 
roof. The cost is alxnit So.CK) per 1(K) s<|uare fei*t; but under the l)est 
conditions, the life of shingles is only alxHit ten years. 

Corrugated Steel. CornigjittHl steel is made from flat shet^ts of 
standanl gjiugi\s, and may l)e either gsilvanize^l or left as it comes 
fn>ni tlie rolls. The corrugjitions an* of diffenMit s\7a*s and widths; 
the total width of th(» plates 
nuis fn)n> 24 to 2S inches, 
and tlu'ir length fi-om .'> to 
10 feet, varying by \ foot. 
The she<'t most used for 
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Klir. n. Showluj: How Sh-fl Kitotliig Is 
Fsistt'iiftl to IMirllns. 



n);)f ccmstniction has 2J-inch 
corrugations; is 20 inches wide 
after comigating; and will 
cover a width of 24 inches 
with one lap and 21 \ inches 
with two laps. This roofing 
should 1h» laid with a pitch of 

not l(\ss than J, and should have fn)m (i to S inches lap at the ends. 

For further information n»ganling the methoil of lapping and the 

wi<lth covennl, set* Fig. 12. 

CorrugattMl steel is fastened either dirt*ctly to wotKlen purlins 

by means of nails, or din^ctly to iron purlins eith(*r by means of a 

bolt and clip or by a clinch nail (str Fig. 13). 

It is often advisjiblc to know the strength of corrugated sttH4 

when supj)orted at certain distantrs a[)art by supports [K*rjx*ndicular 

to the corrugations. I'his unsup]K)rted length determines in many 

(rases tlu* spacing of the |)urlins. The load in jx)im<ls jkt s(|uart* foot 

which can Ik* carri<Ml by a plat(* of span /, panillel to the cornigation, 

is given by the ft)rmula: 



ir - 



:\m S (It 
I' 



ROOF TRUSSES 



11 



in which, 

/ = Un8up|)ortod length of shoot, in inchoB; 
t = Thickness of sheet, in inches; 
S = Allowable unit-stress; 
// = Depth of eornipation, in inches. 

Table IV, giving data relative to cornigatecl sheets, is taken 
fn>m j)age 172 of the Pocket (^om[)anion of the Carnegie Steel Com- 
|mny (tMlition of 10()2), when* also other valuable information is given. 

TABLE IV 
Corrugated Steel Data 



N<». IIT 
BlRMISnilAM 



10 

18 



TlIirKNEBS 

(Inches) 



WrioiiT IN i.»R. pKK 100 Sg. Ft. op Konp whrn Laid 

WITH 6-I.N. K.Ml L\P ANI» OnK i'ORRl'OATlOM, 2i-in., 

8ii»K Lap. and Lknotii or: 



20 
22 
21 
20 



0.065 in. 
0.049 •' 
O.O:^) *' 
. 028 
. 022 
0.018 



it 



it 



tt 



5 ft. 

1 


6 ft. 


7 ft. 


8 ft. 


9 ft. 


;^05 


358 


353 


350 


348 


275 


270 


207 


264 


202 


190 


192 


190 


188 


180 . 


150 


154 


152 


150 


149 


12.S 


121 


119 


118 


117 


101 


99 


97 


97 


9(> 



10 ft. 

346 
261 
185 
148 
117 
95 




Tiles. One of the most common sizes of plain n)ofing tile is 
101 inches long by 6} inches vnde and | inch thick. Tile of this size 
weigh alx>ut 2{ {xnmds each. 
They an* laid with a lap (*rjual to 
one-half their length. They may 
1h' laid dinTtly \\\x)n plank 
sheathing in a manner similar to 
shingles or slate, or they may l)e 
laid din'ctly iHK)n purlins (sec 
Figs. 14, IT), and 10). In the 
first cast* thev an* naiknl dinTtlv 
to the sheathing, and in tlie s(*cond cast* they an* connected with the 
purlins either with copper win* or clinch nails. Flat tiles are usually 
lai<l in ct*ment;cornigate(l tiles an* made so as to interlock, and c*onse- 
<|uently in most casc*s require no c(*ment. One convenience of the 
tile roof is that the skylights may l>e formi*<l by laying glass tile in 
plact* of the other. 

Tile roofs are very substantial; but an* very costly, in regard not 
only to the tiles themselves, but also in regard to the additional 



P^K. 14. Methtxl of L.iyinK Flat Tile on 
I'lank SheathiiiK- 
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weight required in the trusses by n*ason of th(» pjvsit weight to be 
supported. Tile weigh from 700 to 1,000 pounds |kt 100 square feet 
of roof surface. They cost from $12.00 to S40.00 |)er 100 square feet 
on the roof. 

Concrete Slabs. These are usually moulded din^ctly in place 
bv suspending forms from the nH)f trusses, '^rhev mav or mav not \k* 
reinforced, and in any case are usually not over 4 inches in thickness. 
Their weight is about 50 pounds per s(|uare f(K)t. l^heir cost is from 
$16.00 to $30.00 per hundred square feet of roof surface. They are 
expensive, not only on their own account, but also from the fact that 
the weight of the nH)f tnisses must Ix' hicrt»astMl in onler to carry the 




Fig. IS. Lndowicl Tile on Stt»el Purlins, 



Fi>;. 10. Lmlowioi Tilo on Sheathinjr. 



weight of the slabs. Concrt^te roofing may 1k^ u.scmI on roofs which are 
practically flat, i inch to 1 foot l)eing sufficient pitch. 

Felt and Asphalt. This roofing is laid u]M)n shingles, and consists 
of one thickness of dry felt, three or four thickncssc\s of n)ofing felt 
well cemented together with asphalt cTment, and lai<l with gotnl laps 
when* they join, and a coating of from 100 to 200 |M>innls of a.sphalt 
piT 100 scjuaR* feet of roof surface. I |K)n this asphalt, while hot, 
gravel screened tlmnigh a iJ-inch mesh is spn^ad in the (piantity of 
alK)ut 5 of a cubic yanl ]xt 100 scpiare feet. This da.ss of nM)fing 
should never be laid on roofs whose pitch is greater than J, sinci*, 
when heated by the rays of the sun, the asphalt will run and destroy 
the surface. It gives good .siitisfaction on roofs who.se pitch is ,V. 
This cla.ss of roofing can lx» bought in n)lls, and in this ca.sc the gravel 
is exceedingly fine, being scn.Tneil tlmnigh a J-inch mesh. 
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Felt and Gravel Roofing. This roofing is similar to the above; 
only, in this cast*, tar instead of asphalt is used for the cementing con- 
stituent. This roofing does well on roofs of flat pitch, and should 
never be* us(h1 on roofs whose pitch exceeds J. It can also Ix* l)ought 
in rolls ready for laying, in which case the gravel is screened through 
a J-inch ni(\sh. The pn^pared roofings an* cheapi»r than those* laid by 
hand; but they do not give go(Ml sc*r^^ice unless great care is taken 
to fasten them down securely. In economy of first cost and main- 
tenance, they are equal to or better than tin. 

Sheet Steel. This should not l)e laid on a pitch less than }, unless 
the en<ls art* cemented togi*ther where they lap. It comes in sheets 28 
inches wide and from 4 to 12 fet*t long, or it may l)c purchased in 
n)lls 2<) inches wide and about 50 feet long. When used in slw*i»ts, it 
may Ik* had with standing crimped edges, in which case it is laid as 

Wood Noilinq Strips- 

Sheet Steel jT >^B^ Steel Roof inq^ r^c\\ or Tor Fbpcr 

WireNettinaJ 





Sheathing Wire Netting J ^-Asbestos 



Fij;. 17. Method of Laying Sheet Steel Pig. 18. Method of Tjayiiifl: Roofing on an 

with ( 'rimi)«Hl K<l>?es. AntiCondensing Base. 

shown in Fig. 17. In case it comes in rolls, it may Ik* laid in the same 
manner as tin, with either standing seams or horizontal flat ones as 
shown in Figs. 10 and 1 1 . Like corrugated steel, it comes in different 
gaugi\s, Xo. 28 lx*ing that most commonly used. It can be laid 
cheaper than tin, on account of the long lengths obtainable. 

Patent r(M)fings of many kinds are on the market. These c*ome 
in rolls usually from 2 feet to 3 feet wide, and cover about 200 sc|uare 
feet of n)of surface. The basis of most of these clovers is aslK'stos, 
felt, magnesia, or rublKT; and this is treated with either asphalt, tar, 
or some other pri'paration, and in some cases is covered with fine 
gravel. 

Non-Condensing Roofing. In cases where a metal, slate, or tile 
roof is used without sheathing, moisture is liable to condense upon the 
under side and drip on the floor l)eneath. This can be prevented by 
laying the material upon an anti-con<lensing base* consisting of a layer 
of wire netting on top of which are placed one or mon» sht^cts of aslK*s- 
tos pajK*r about ,'e i**^'l^ thick (st»e Fig. 18). 
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FIK 19. Hoof (,'oiisiriK'ilon in whkh Kafiers SupiHU'tiny ihe 
Sheathing are I^aid on th»? Purlins which Couuect the Trusses. 



(3. Rafters and Purlins. Roof trusses an* usually coniiectt'tl 
by l)eanis running from one to the other. These l)eams art^ ealltHl 
purlirui. In case the purHns are spaced too far apart to hiy the roof 
covering directly upon them, lx»ams are placed UjX)n the purlins, and 
on these l)eams the roof covering is placed, 'llicse beams are calleil 

rafters. Raft- 

■y^^^^^f^-^rrf^^^^^^^"^^* _^ ei-s an* usually 

made of wood, 
while purlins 
aR* made of 
channels, I- 
l)eams, Z-bai's, 
and, if the truss- 
es arc sjkicihI 
suf f icientlv 
dose* together, 
Icvit or anglvii. Figs. 
10 and 20 show how 
rafters and purlins 
are placinl. Fig. 21 
illustrates the usi* 
of purlins made of 
tees. As purlins are 
more rigid about an 
axis perpendicular 
to their webs, they 
are liable to sag 
towanl the eaves 

V\\r. 2(). Sheathing Laid Dlreeily on Purlins. ^^^ ^j^^^j^ center. lu 

this ca.se, hckj rods are used, as shown in Fig. 22. 

EXAMPLES FOR PRACTICE 

1. Compute the roof rafters if the purlins are spaeed 10 feet apart, 
the roof eovering weighs 10 pounds, the sheathing 4 pounds, and the snow 
load per square foot of roof surface 12 pounds. 

This problem may Ix? solved, either by assuming the size of the 
rafters and c^omputing their spacing, or by assuming the spacing and 
computing the size of the rafters. The latter method is the one most 
commonly used. The spacing of rafters is from 18 inclies to 4 feet. 
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The ct)iniiion spacing is 2 feet. Tlie weif^ht of tlie rafter itself is 

neglected in its design. 

The total weight per square foot which comes on the rafter is 

12 + 10 + 4 = 26j)ounds. Since each rafter carries a portion of 

the n)of 10 hv 2 feet, the total 

weight on one rafter is 10 X 2 X 

20 = 520 {X)unds. The moment 

creatt»d hy this weight is (520 X 

10 X 12)' ^8 = 7 800 i)ound- 

inches. This should l^e equated to 

S I 

. Allowing 1 000 pounds to the 

Fig. 21. Use of Purlins Made of Tees. 




square inch as the unit-stress on 

the extreme fibre, and noting that I -^ C = 
there results: 



12 



d 

9 



b_^ 

6 



b 




Fig. 22. Use of Sajr Rods to Prevent Sagging 
of Purlins at their Center. 



d = \/46.8 -i- b 

The market widths of rafters are li, 2, 3, and 4 inches, 2 inches being 
the size usually employed. Substituting in the above formula, we 

have : 

d = V 4078~^ 2 = 4.8 inches. 

Tlie rafters will Ix? made 2 

bv 6 inches, since this is the 

nearest market sizt*. If a 

3-f()ot spacing of rafters was 

used, the nHjuinnl depth 

would Ix^ 5.92 inches, and a 2 by 0-inch would still Ih» usihI. lliis 

spacing and this siya* of rafter would l)e the one to employ hi the 

solution of the alx)ve problem. 

2. Design the purlin for the roof of Problem 1, above, if tlie trusses 
are spaced 10 feet apart. 

• 

The rafters are spac*ed so close together that their owti weight, 
the weight of the roof covering, and the snow load may be considered 
as uniformly distributed over the purlin. The total weight which 
comes upon one purlin is the weight of snow and roof covering on a 
space 10 feet long and 10 feet wide. This weight is: 
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Snow load = 10 X 16 X 12 1 920 pounds 

Roof covering = 10 X 16 X 14 2 240 

16 rafters 6 by 2-in., 10 feet long, at 3 lbs. per 144 cu. in. 480 






Total 4 640 pounds 
The moment caused by this weight is: 

(1 040 X 16 X 12) ^ S = 111 360 pound-inches. 

The determination of the beam which will be used to withstand 

this bending moment is made by means of its section modulus. The 

MI. 
formula ^>,- = - is used in the desim of beams. The values of / 
S c 

and c are constant for any given beam, and therefore the value of 
/ -r- c for any particular Ix^am is a constant, and this constant is called 
the section modulus. It is therefore evident that if we have a certain 
bending moment and a certain allowable unit-stress, we can obtain 
the value of the section modulus by dividing the moment by the 
allowable unit-stress. Then, looking into one of the steel handbooks, 
the l)eam can be determined which will have a section modulus equal 
to or slightly in excess of the value that has been obtained by dividing 
the IxMiding moment by the unit-stress. This beam will be the beam 
which, with a unit-stress equal to the one assumed, will withstand the 
bending moment under consideration. 

The handbooks issued by many of the steel companies are indis- 
pensable to the intelligent design of structural steel. That issued by 
the Carnegie Steel Company (edition of 1003) is one of the most con- 
venient; and since it will be frequently referred to in this text, its 
purchase by the student is desired. This book may be obtained by 
addr(»ssing the Carnegie Steel Company at its offices in any of the 
larger cities. The cost to students has usually been 50 cents; to 
others, S2.00. 

Assuming an allowable unit-stress of IS 000 pounds per square 
inch on the extreme fibre, the section modulus required to withstand 
the bending moment of 111 3()0 pouiMl-inches is: 

liL^? = r. 10 

18 000 '■ 

Looking in the Carnegie Handbook at column 11 on page 100, 
column 11 on page 102, and column 9 on page 104, it will be seen that 
any one of the following shai)es will be sufficient: 

One 5-inch 14.75-poiind I-bcam; 

One 7-inch 9.75 " channel; 

One 4i by 3^^^ by ^Vi'^^^^ Z-bar weighing 17.9 pounds per linear foot. 
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Instead of the 5-inch I-bcam as given above, a 6-ineh 12.25- 
pound I-beam with a section modulus of 7 . 3 could be used, and would 
be more economical, since it is less in weight; and it would also be 
stiffer, since its depth is greater and its section modulus is greater. A 
comparison of the above weights shows the channel to be the most 
economical, since its weight is considerably less than either of the 
other two shapes. Channels usually make the most economical pur- 
lins; and for this reason no other shapes are usually inspected, the 
channels being used in the first case without being compared with 
other sections. Inspection of column 11, page 110, Carnegie Hand- 
book, shows that a 6 by 4 by J-inch angle could have been used for the 
purlin, since it gives a section modulus of 6.25. The weight of this 
angle, 23.6 pounds per linear foot, shows it to be far too uneconomical 
to employ. 

EXAMPLES FOR PRACTICE 

1. Design the rafters when the total weight of the snow and roof 
covering is 30 pounds per square foot, and the purlins are spaced 15 feet apart. 
Use 1 000 pounds per square inch as the allowable unit-stress. 

2. Design the purlins if the trusses are 12 feet center to center; the 
purlins are spaced 8 feet apart; the roof covering, which weighs 6 pounds per 
square foot, is laid upon 1-inch yellow pine sheathing resting directly upon 
the purlins; and the snow load is 10 pounds to the square foot of roof surface. 
Use 18 000 pounds per square inch as the allowable unit-stress, and use a 
channel for the purlin section. 

7. Bracing. In order to keep the roof trusses erect, bracing 
is employed to join together their top chords and also their bottom 
chords. This bracing may consist either of small round or square 
rods, or it may consist of angles. The latter is the best practice, 
since it gives great rigidity to the structure; and in fact it should be 
used in all cases where machinery of any kind is attached to the 
trusses. One disadvantage of the rod bracing is that good connec- 
tions with the trusses are usually difficult. The bracing between 
the lower chords is lighter than that between the top chords, since 
its office is merely to prevent vibration, while that between the upper 
chords must take up the stresses caused by the wind blowing upon the 
ends of the building. The stresses in each of these classes of brac»ng 
can only be approximately determined; and for that reason it has 
become customary to determine their section by judgment rather 
than by computation. For lower chord bracing, single angles 3 by 
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2 by x'j-inch are recommended; and for upper chord bracing, 3 by 

3 by i^g-incli angles should In- used. 

It is not customary to [»la«' bracing between each pair of trusses, 
but to place them between eacli alternate pair or between every third 
pair of trusses. Fig, 23 shows several ways in which the bracing may 
be inserted. 

8. Economical Spacing and Pitch of Trusses. The term pitch 
which lias been used in the preceding pages is the fraction obtained by 
dividing the span into the height of the truss at ihe center of the 
span. For example, if a truss 1ms 
a span of 60 feet, and a rise of 12 
feet at the center, it would be 
said to have a pitch of jt; if the 
rise were 15 feet, the pitch would 
he J ; and if the rise were 20 feet, 
the pitch would be J. The pitch 
of a lrus.s is seldom expressed in 
degrees by giving the angle that 
the top chord makes with the 
horizontal. One exception is 
very common. It is to use the 
3(1° pitch. This has the advan- 
tage of making the hci^t of the 
center e<)ual to one-half the length of one side of the top chord — a 
fact which lends itself to ease in making the shop drawings. 

The maximum or minimum allowable pitch for any given roof 
depends to a greiit extent upon the cla.ss of roof covering employed. 
For pitches re(|uinil for any given class of roof covering, see Article 
5, p. (i. It might l>f noted that most of the patent roofings, or any 
roofing in which tar or asphalt is an ingredient, should not be laid 
upon roofs with a pitch greater than i or J ; while most of the cover- 
ings which consist of steel or clay products re(|uire pitches of I or over. 
Pitches varying from J to J have very little effect upon the weight 
of the trusses. This is true only for trusses with horizontal lower 
chords. If the lower chord is cambered — that is, raised above the 
horizontal position — it gn-atly increases the stresses in the truss, and 
consequently the weight of the truss. The greater the camber, the 
greater the weight of the truss, the pitch remaining the same. If the 
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camber is coiustant, then the gn»ater the stn»sst»s (and eonseijiientlv 
the weight of the truss), the smaller the pitcli. It is advisable not to 
eaml)er the lower chord unless it is |X)sitively riecessaj}'. A camber of 
5 {XT cent of the span will increase the weight of the tniss from 10 to 
40 per cent, according to the pitch. 

Taking all tilings into consideration, a pitch of J or } is to be 
preferred over that of I or less, since, after the pitch becomes less 
than I, the weight of the tniss increases quite rapidly, the span l)eing 
constant. 

For any jpven roof, then* is an economical spjicing of the trusses. 
As the sjiacing of the trussi»s increases, the weight of the purlins and 
bracing per scjuare foot of area increases, while the weights of the 
trusses, the c*olumns that support them, and the girts, or members 
which nm from one column to the other and on which the siding of the 
building is placeil, decrease*. The most economical sjMicing of the 
tnisses is such as will make the coift of the alK)ve cjuantities a nihii- 
nuun. It is evident that this simciug for trusstvs which n»st uix)u 
mastmry supports will Ik» diffen»nt fn>m the spacing in case* they rest 
ujK)!! steel columns. Attention is called to the statement that the 
sum of the costs, instead of the sum of the weights of the alxn'c- 
mentioned (|uantities, should 1k» a mininunn. This is d\w to the fact 
that the unit-cost of the purlins is considerably less than that of the 
trusses, it being in some cast»s only about one-half. 

The spacing of trusses is sometimes governed by local conditions, 
such as the placing of the machinery in the building and the probable 
|M)sition of futun^ additions. Considering the spticing from a purely 
economical standpoint, it is pmbably well to space tnissi\s alx)ut as 
indicated in Table V. 

TABLE V 
Spacing of Trusses 





Span, in Fkkt 


ft 


Si'Af'iNO. IN Ki.i:t 






10 to 30 
30 to 60 
60 to 75 




12 
15 
20 






75 to 150 




21 to 25 





The ijpaciiig indicated in Table V i.s for triangular roof trusw^s of ci|ual sise 
and span. For other conditions — such as when the main roof consists of 
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one span, and the side roofs consist of different spans and different classes of 
trusses — the economical spacing may be somewhat dilTerent, and is usually 
less. 

ITic best method of dotemiining the economical spacing is eitlier 
to make a comparative design or to consult the back volumes of 
The Engineering Record, Engineering Xew9, or some other good 
enginet^ring jx»ri(Klicals. Designs of buildings which have l^een con- 
structed are fn»quently given in these periodicals; and fmm these the 
student may, in addition to the spacing of the tnisses, obtain much 
other valuable information regarding roof construction. 

Bulletin No. 16 of the T'niversity of Illinois ExjxTiment Station 
gives a systematic study of roof trusses, and shows the effect on the 
variation in the weights of rafters and purlins due to a variation in the 
length of span. This bulletin, which can 1h» had fret* for the asking, 
should be in the hands of the stu<lent. It may Ix^ had by addn\ssing 
**The Director," Engineering Experiment Station, University of 
Illinois, Urbana, Illinois. A most valuable lxx)k giving a systematic 
and extensive study of roof tnisses and mill buildings, is ** Steel Mill 
Buildings," by M. S. Ketchum, Engineering News Publishing Com- 
pany, New York, N. Y. 

9. Stresses in Roof Trusses, and Sizes of Members. Stresses in 
roof trusses of any form can he computed by the mi»th(Kls of "Statics" 
(pp. 23 to 73). On account of the ease and economy of manufacture, 
some form of tniss is usually used in which then* are many memlx^rs 
with equal stresst\s. The Fuik tniss, or some modification of it, is 
almost universally used (see Fig. 1, c, rf, e, /). On pages 21 and 22 are 
shown some forms of trussc^s, together wdth the pitches which are 
common IvuscH I. 

The stressi\s in the various memlxTs due to a vertical panel load 
of one jxmnd an* given. To obtain the stn\ss in that memlxT due 
to any other vertical panel loa<l, multiply the stn\ss here given by the 
vertical panel load. 

For example, if the stn\ssi\s in UJj., (Fig. 24) or LJj^ (Fig. 31) 
due to a jumel load of 3 (KX) {x)un<ls, were n»qiiin*d, they would he 
determined as follows: 

U, L.. (Fig. 21) 3 000 X - 1 .73 -= - 5 100 pounds. 
Ly L, (Fig 31) 3 000 X + 5.00 = \- 15 000 pounds 

. These diagrams an* es|x*cially usc^ful, since it is the custom of 
many engineers not to compute the stn^sses due to wind, snow, and 
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Fig. 30. Fig. 31. 

Analysis of Stn»sse.s In Various Members of Fink Truss Due to Unit-Loads. 
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Analysis of Stresses in Various Members of Fink Truss Due to Unit-Loads. 
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dead weight of roof trusses and coverings, hut to c»ompute tlie strt»ssi\s 
due to a dead panel load caused hv 40 pounds per square foot of 
horizontal pnyection. The stn^sses resulting from this procedure 
an* very nearly ecjual to those produa^d hv considering the various 
loads — as snow, dead load, and wind — ^sc^panitely or togi»ther. AMien- 
ever diffenMic(\s (Kvur, they are on the safe sich», except as nott^l Ih*1ow, 
and in the next article, in cas<» of the stn»ss<\s pro<luc(Ml hy theus(» of 
knee-hmcing. 

Th(» panel load to 1k» used when 40 poun<Is |xt scjuaix* foot of 
horizontal projection isconsider(Hl,mayl)econiputc»<l from the fonnula: 



in which, 



^ 4()_y a_X I 
n 



a = Distfinco bctwoon trusses, in foot: 

/ = Span of truss, in fort; 

// =^ Number of panels in top oh on I of truss. 



For example, let it lx> requinnl to compute the panel load P for 

the tniss of Fig. 24 when the span is 70 feet and the distancv U^tween 

tnisses is 1() fe(*t. Here a = 10; / = 70; and n = S. 

P 40 X 16 X 70 . ._ , 

P = o" = D ()00 pounds. 

o 

The tniss would then \yo computed for a vertical panel load of o 600 
pounds, and the mcmln^rs designed to withstand the stn\ssi»s thus 
obtained. 

This metluxl is applicable 
to all spans up to 100 feet when ^ , 
th(» tniss is set on masonry walls 
(or steel columns built in mason- ^^ 
T\ walls) and the r(M)f covering is 
of corrugated steel or any of the 
onlinarv materials. Whert* dav 
tile or slate an' used, oO jx)unds ^'^i*?-* i\\V.To\\Tnd^^^ 

should \)e taken; and in cast* of 

concrete slabs, 05 pounds would l)e al)out right. It is In^tter pmctict* 
to compute the stresses due to wind, snow, and dead loads when 
clav tile, slate, or c»(mcrt*te are use<l. 

In cases where the nH)f truss is placed on stet4 columns and is 
connected with the column by a knee-brace at the first joint (see 
Fig. 301 stresses caused by the overturning action of the wind take 
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plac-c in those tncml)ers shown by hpavv lines. In tliis case the 
stresses cause<I b_v 40 pounds per wjuare foot of horizontal projec- 
tion are not large enough; hut tlie tni.'W will Ix- safe enough if the 
stresses as determined hy the 40 pounds are incn>ase<l by the 
amounts indicate*! in Fig. 39. 

Forexaniple.let the trussof Fig. 24 be .supported by steel columns 
and knee-bracing. I^t the span lie 00 feel, ami the distanci- K-tween 
tniases 10 feet; and let it Ix' retjuired to compute the stresses in L, 
r, an.l L, L\. Here P= {40 X 10 X 60) -^ 8 = 4 SOO, and the stresses 

will he: 

Li V, (0 . 87 X 4 800) X 2 , 10 = + 8 350 ponn.ls. 
L, l\ {2.00 X-ISOO) X 1 .50 = + IS 700 pounds. 

In addition to 
yt the above condi- 

tions, shafting, 
heating appara- 
tus, small cranes, 
and electric wir- 
ing and other con- 
ductors are often 
attached to the 
lower chord of the 
tru.ss. These cause 
additional stress- 
e.s. 'ilie case is 
that of a conceii- 
trate<l load or 
loads at the lower 
choni, and the 
-Stresses may be 
computed by the 
mellnxls given In 
"Statics." 

For example, let a 5-ton hoist be connected as shown in Fig. 40 
Tliis lioist nnis longitu<linally of the .shop, or i>erpendicularly to the 
plane of the roof tni.ss. The maximiun stress in the truss due to this 
cause will 'occur when the hoist is direetlv Ix'iieath the Ini.ss. The 




s will l>e those cau.sed by a load of 10 000 pounds at the second 
panel point of tlie lower choni. Fig. 40 gives the stress diagram for 
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TABLE VI 
Hoist Stresses in Fink Truss 



Member 


Stress 


Member 


Stress n 


L0U4. 


-15 350 


UU4. 


+ IZ500 


LoLz 


+ 13 700 


U4L0 


- 6 900 


Lz Lb 


+ 6 100 


All Others 






this condition, and Table VI gives the stress record. From this it is 
seen that the hoist does not affect all meml)ers of the truss. The 
stresses due to the hoist should l)e added to those caused by the 40 
pounds per sf|uare foot of horizontal projection, and the member 
designed acconlingly. ( )f course*, if the stress caused by the hoist 
decreases the stress caused by the 40 pounds, the member must be de- 
signed for the stress due to the 40 pounds. 

Note that concentrated loads, as in the case of the hoist, cause 
different stresses in sjTumetrical members on the two sides of the 
truss. In the final design, the members are made the same, being 
designed for the greatest stress. This is done for the sake of economy 
in manufacture; and besides, it might be desirable to change the 
hoist to the other side of the truss. 

For Fink tnisscs with pitches of from ^ to J, and spans of less 
than 100 feet, very light angles are usually required for the members, 
unless heavy, concentrated loads are placed on the lower chord. The 
thickness of the connection plates is seldom more than I inch, the top 
chonl angle seldom gn*ater than 5 by 3J-inch, the lower chord angle 
seldom greater than 3 by 3-inch ; and the web members are usually 
composed of angles either 2 by 2-inch or 2 J by 2 J inch. It appears 
to be the rule, in present practice, to make the sizc»s such that the 
thickness shall be J or ,^j inch. Connection plates for spans up to 
60 or 70 feet are usually J inch thick, except in the case of that 
at point Lq. 

The stresses in knee-braces depend upon the height and also the 
width of the building. '^The stresses may be computed according to 
the methods of the next article, and the knee-bracing should be 
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designed accordingly. The inspection of a number of plans seems to 
indicate that the sizes of knee-braces vary from two angles 2 J by 2 J 
by J-inch for spans of 30 feet and a height of building of 35 feet, to 
two angles 4 by 3 by yV^nch for a span of 70 feet and a height of 
building to the top of the truss of 75 feet. 

In case of roof trusses with the chords nearly parallel (see Fig. 
3, p. 2), the stresses, on account of the small depth, are usually 
quite large, and much heavier members than above mentioned arc 
required. In some cases, 6 by 6-inch angles with 8-inch plates are 
used, and connection plates of | to ) inch are common. 

In cases where the trusses are subjected to the action of corrosive 
gases, the thickness of the members should be made greater than that 




[C c^ 

Fig. 41. Dendlog Tendency, Ends Free. 




Fig. 42. Hendlng Tendency, Ends Fixed. 



required by the design alone, since corrosion will decrease the section 
considerably, and this should \ye allowed for. 

10. The Steel Truss-Bent. When a truss is connected to steel 
columns at its ends and by means of knee-bracing (see Fig. 39), it 
forms what is called a steel iruss-bent. The stresses in the truss 
due to the roof covering and snow loads are the same as when it is 
supported by a masonry wall ; but the wind stresses are different. The 
wind blowing on the roof and also on the sides of the building, causes 
stresses in the truss. The wind on the building is transferred to the 
columns, which, by means of the knee-braces, cause stresses in the 
truss. The whole bent tends to bend as shown in Fig. 41 if the ends 
of the columns rest on masonry pedestals. If the ends of the columns 
are securely bolted to heavy masonry pedestals so that the ends of 
the post will remain vertical, they will tend to bend as shown in Fig. 
42. In the first case, the overturning is resisted by the bending of the 
post as shown at b and 6' (Fig. 41); in the second case, by bending as 
at 6, c, 6', and c' (Fig. 42). Since the post is the same size throughout, 
and the bendinir caused by the wind the same in both cases, 'the bend- 
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ing moment in the post at b and b' (Fig. 41) is less than what it is at 
b and 6' (Fig. 42), as in the first case there are only one-half the num- 
ber of points to withstand the total bending that there are in the 
second case. 

The wind blowing on one side of the building causes a compres^ 
sive stress in the column on the leeward side (the side opposite that on 
which the wind blows) and a tensile stress in the column on the wind- 
ward side (the same side on which the wind blows). It also creates a 
bending moment as 
mentioned above; 
and this, as well as 
the direct stresses, 
must be taken into 
account when the 
post is designed. 
The case is that of 
a member under 
direct compression 
and bending at the 
same time. 

The stresses in 
the knee-braces and 
the columns, and the bending in the columns when the ends of the 
posts are not fixed, may be computed from the following formulae, in 
which, 

W ^ Total wind load perpendicular to the roof; 

Wh = Horizontal component of W; 

Wy = Vertical component of W; 

Wi = Total wind load on the side of the building; 

w = Unit wind load normal to the roof; 

ti7| = Unit wind load normal to the side of the building; 

a = Distance between trusses, in feet. 

These and other characters are shown in Fig. 43. 




Fig. 48. Notation for Formulro, Ends Free. 



W^ = t^i ah 



H,-H, 



ITb + W, 
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»»', .'I + H'h (A + .7 ) + H\ I 
.SV..= - - ^ ■• =K, 

c * 

,, //, h 

c 

€ 

Bending moment at 6 = //, — TT', ( ,, — ?«) 
Bonding moment at // = //. /i. 

The stresses in the tniss caused by the wind are the same as if 
it were uiuIit the action of the normal wind load H", and in addition 
two conct*ntrated loads (Mpial in intensity find direction to the stresses 
in the knee-hraces and at the same |X)int of application, and two 

forcc\s E, and 7?„ which mav he 
computed as follows: 

K = -^-'* 

Fit,'. -11. Application :iml Direction of the /J =-_ . 

Kxicrlor fonvs. '^ tn 

For the* ]K)ints of applicaticm for these loads and for their direction, 

sec Fi^. 44. The stressi\s can now l)e c^omputwl by the method of 

Statics. 

The diagram for such a truss-lxMit is given in Fig. 45. The span 

is 00 feet, tli<' risi* j, the distance In^tween tnisscs 10 feet; and the 

win<l pressure is taken as 1>^ |X)unds pviv s(|uarc* foot normal to the 

roof surface, and 20 jMiunds |x*r scjuarc* foot normal to the sides. 

In thiscas(»,M; = 1«^ pniiids; a - 10 ftrt; r ^00 -^ 4 ^ 15 feet; w — 

20 jKHUids; h =-■ 20 feet; n -= 14 feet; m = feet; and / = 60 feet. 

The length of LJ\ is readily computed to Ix* 33.5 feet ; L^ L,, 9.1 feet; 

and c = 5 feet. The values of the (juantities and stresses are com- 

putetl as follows (see Fig. 40) : 

ir - 18 X IG v^aO- + 15- = 9 050 pounds. 

^V^ - 10 X 20 X 20 -= C 400 pounds. 

IKh - (0 050 -:- ;W.5) X 15 = 4 320 pounds. 

Wy - (9 050 : r<3.5) X 30 = 8 050 jxMmds. 

//, = //, -- C4 320 + 400) -^ 2 = 5 360 pounda. 
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<S»b = 


^5 360X20-6 400X10 ^^^.n 

■¥ = +8 040 pounds. 

5 




Sm*h* = 


5 360X20^ llODOundn 




_ — * ^1 -I-IU pOUIIUH. 






^,= 


^3««/-'\= 12 520 pounds. 




E, = 


5 360X14-6 400X4_g,^„p^^„j^_ 




o 6140 b 
? ^x 



The horizontal and vertical components of tlie stresses in the 
knee-bracing should 
now be computed. 
They are : 

For ab : horizon- <tf^ 

tal, 7 240; vertical, a?40 b > 
4 760 pounds. ' 

For a'b' : hori- 
zontal, 17 900; verti- 
cal, 1 1 800 pounds. 

As a check upon 
the computations, 
the sum of the val- 
ues of £i, 7?2» ^"^ 
U\ should be equal 
to the sura of the 
horizontal compo- 
nents of the knee- 
braces. By sum- 

mmg up the above pig.46. stress Diagram ofTmss-Bent under wind Load. 

values, it will be 

seen that they check by 80 pounds, which is less than 0.4 of one per 

cent and is a close enough check (see Figs. 40 and 47). 

To obtain the vertical reactions, proceed as with a simple truss. 
For i?2, take the center of moments at L^ (see Fig. 47). Then: 

R^ = ^{8 650 X 16 + 4 320 X 7.5 + 4 760 X 9.1 -11800 X(60- 9.1)} 
= — 6 514 pounds. 

The negative sign indicates that the reaction acts down wanl; that is, 
the truss must be riveted to the post at Lg, or the end of the post 
would be lifted off the top of the column. 
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For Wp the center of moments is at L^,, and the resulting 
equation is: 

/?, = -J j -H 800X9.1 +8 650(60 - 15) -4 320 X 7.5 + 4 760(60-9.1)} 
= +8 180 pounds. 

The IxMiding moment at b is: 

3/h - 14 X 5 300 - 4 X 6 400 = 49 440 pound-feet; 

and the bending 
moment at 6' is: 

3/b. = 5 360 X 14 

=75 040 pound-feet. 

'^ITie forces in 
their proper di- 
rection are now 
placed on a dia- 
gram of the truss 
(Fig. 47), and the 
stresses are solved 
by the method of 
Statics. The stress 
<liagram is given 
in Fig. 45, and the 
stn»ss record in 
Table VII. 

The alx)ve for- 
muhe an» for cases 
when the columns 
are free at the 
lower end. WTien 
„, , ^ > the columns are 

^—■^^ 5 \^/- I not frw, they are 

called fixed; that 

FIr. 17. Posit I m. Diroction. and Inienslty of Exterior Forces. *^> they are Sup- 
posed to be SO 
tightly coiiiiccted that they cannot move when the iK)st l)ends as 
sliown in Fi^. 42. In such castas the a\sult is the same as if the 
cohnnns wciv shortened by an amonut n -i- 2, and the following 
formuhe result (see Fig. 48) : 




Fig. 46. Position. Direction, and Intensity of Wind Forces, 

Ends Free. 
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TABLE VII 
Stress Record of Truss-Bent under Wind Load 



Member 


Stress 


Member 


Stress 


x-z 


-15 700 


9-10. IH2 


-f 6 500 


X-3 


-15700 


12-13,14 


-15 300 


X-6 


-10700 


Y-4 


+ 6 500 


X-7 


-10700 


Y-8 


- 1 900 


X-9 


-f 1 500 


Y-/Z 


- 9 600 


X-13 


-H5400 


13.14-15 


- 1 300 


1-2 


+ 5 200 


I-Y 


+ 8 640 


2-3 


- 2410 


15-Y 


-2 1 440 


3-4 


+ 8 500 


A-l 


- 8 180 


4-5 


- 7 500 


C-15 


+ 6 514 


5-6 


+ 2 700 


b-c 


- 3457 


6-7 


- 2410 


b'-c' 


- 5 193 


7-8 


-I- II 000 


'9-IO-JI 





8-9 


- 7 600 


13-14 









n 



ir, = u', « ( m + ._, ) 



//, = //, = 



2 " 



n 



Onli- 4- — 



m 



n 



II Ay + 4 ) 

jSVb'= 

C 



<Sic= -f 



. 3/ 



••I M _ -J 



/>,,/,./_ \ — 



, / 






// 



2 m 
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7} ,,, . ft m 






n „. , w m 



Bending moment at 6 = Mi, «- //i ., -ir, ^ — .^ ) 



71 



Bending moment at // = Mh' — H^ -^, 

For the truss-lx*nt of Fig. 45, when the columns are fixed at the 
base, the stresses are the same as if the columns were shortened by an 
amount n -^ 2, as above mentioned. The bent would then appear as 
in Fig. 49, and the values of the various stresses and the quantities, 
together with their points of application, are: 

IF = 18 X 1G\ :HV^-J- 15^ - \) 050 pounds, as before. 
TFj = 13 X IG X 20 - 4 1()0 pounds. 

ff, = //j ^ - .J ;^ 4 240 pounds. 

„ ^4240X13-4100X0.5 ^ra^r A 

jS,b = + — _ - - - ^ +5 616 pounds. 

5 

^ 4 240 X 13 

o»'b'= — - ^ = — 11 024 j)ounus. 

^ . 4 160 X 7 4 4 320 X 20 5 - 8 650 X 45 , ^ , , . 

obc = + - - -,»,v — =— 4 526 pounds. 

00 

^ 4 160 X 7 4 4 320 \ 20.5 + 8 050 X 15 , ,.,. , 
Ob'c'-- - - .. - ^ —4 134 pounds. 

4 240 ^. 7 
El ^ . -- 4 1»47 pounds. 

() 

„ 4 240 X 7 - 4 100 X 0.5 , ^.^„^ , 

E^ ^ - . =-4 000 pounds. 

A/b = 4 240 X 7 - 4 100 X 0.5 = 27 000 pound-feet. 
A/b/ = 4 240 X 7 - 29 OSO pound-foet. 

The stressi^s in tlie bi'nt are then computed in a manner similar 
to that used when the columns are fixed, E^, E^, and the stresses in 
the knee-bracvs Ix^ng iittache<l to the tniss as concentrated loads. 

Ji-'ince in this case, A\, E^, and the stresses in the knee-braces are 
less than they arc when the columns are free at the base, the wind 
stresses throughout the truss will be less when the columns are fixed 
than when they are free. 

On account of the difficulty of fixing the ends rigidly, it is advis- 
able always to consider the ends free and to compute the stresses 
accordingly. 

Tli<* student is advised not to take the trouble of detennining 
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the wind stresses in trusses of steel truss-l)ents by the method given 
above, but to use the 40 pounds per square foot of horizontal 
projection and to correct the stresses as previously mentioned (see 
Fig, 39). 

The formulae of this article giving the stresses in the knee- 
bracing and the bending moment in the columns, should be used in 
all cases, and the posts and knee-braces designed according to the 
stresses so determined. 

In cases where the 40 pounds per square foot is used, the direct 
stress in each column is: 



,s = 



40 X a Xl 




Fig. 18. Notation for Formula?, 
KiKls Fixwl. 



jl!i!P_L»» V 



and the column shouki be de- 
signed for this stress, together 
with the stress due to the I Hand- 
ing at the point where the knee- 
brace joins the column. See 
"Strength of Materials," pp. 85 
and 86. 

In case a crane is attacht*d 
to either the truss or the column, 
the stresses due to its action must 
be considered in the design. 

11. Suspended Loads. Un- 
der this head come any loads 
which may be suspended frcm 
the lower chonl of the truss. 
The load may not be actually 
suspended from the underneath 
part, but may be placed above, 

and the connections so arranged as to bring the weight on the 
lower chord. This weight should preferably be concentrated at 
a panel point. In case it cannot be brought directly to the panel 
point, it may be distributed over a portion or all of the panel. In 
this case the portions distributed to the adjacent panel points are 
computed, and they are, for purposes of computation, considered as 
concentrated loads at the panel |K)ints. The sections of the chonl 
over which thesi* loads aw distributed an.' in the condition of direct 




Flj;. Il». Posit i(»n. Direction. an«l Intensity 
ot Wind Forces. Knds FixiHl. 
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Hotform For operation 




Fig. 50. 



tension and iK^nding, and must Ix' designed for such stresses (see 
''Strength of Materials/' pp. So and S6). 

The suspended loads may consist of small hand cranes; shafting 
for transmission of power; heatuig apparatus, such as steam or hot-air 
pipes; water or compressed-air tanks; or platforms on which stand the 
operators for the cranes or hydraulic lifts, tigs. 50 and 51 show 

trusses with vari- 
ous forms of sus- 
pended loads at- 
tached. 

12. Details of 
Roof Trusses. 
The spans of tri- 
angular roof truss- 
es of the Fink t \"pe 
are usually less 
than 100 feet, and 
the spans of roof 
trusses withchords 
nearlv horizontal 
are seldom greater 
than 50 feet. For 
trusses of such 
spans the details 
are almost stand- 
ard. Since these 
spans and trusses 
constitute a large 
majority of those 
built, only the details of such trusses will Ix* considered in this text. 
Where trusses rest on masonry walls or on light columns in 
masonry walls, provision is made for exj)ansi()n due to temperature. 
For trusses up to 75 or SO feet, slotted holes are placed in the end- 
hearing, and the bearings rest directly upon another plate. Bolts 
are* fastened to the masonry, and extend uj)war(l through the slotted 
holes and have nuts on their ends. The nuts hold the truss securely 
to the wall, w^hile the slotted holes allow the bearing to move backward 
and forward when the temperature falls or rises. The nlotted holes 




i 



fO-o-ot-.<yy>-o- Of'^>- Compressed oir 



Fig. 51. 
Various Kinds of Suspemlod Loads. 
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shoiUd be I inch in length for every ten feet of span. The bolts should 
not be less than i inch in diameter, and should \ye buried in the 
masonry at least 6 inches. Fig. 52 shows details of an expansion 
bearing of this character. In case the span of the truss is greater 
than 75 or SO feet, a roller or a 
rocker bearing is used. Figs. 53 
and 54 show details of this class 
of bearings. 

For convenience in refer- 
ences to the common Fink truss, 
the following notation will be 
used: the points in the upper 
chord are given the letter U, with 
a subscript corresponding to the 
number of the joint from the left 
end. The low^er chord and in- 
terior joints are given the letter 
L, with a subscript correspond- 
ing to the number of the joint 
from the left end (see Figs. 24 to 
38). The advantage of this system of notation is that it enables 
one to refer to any particular joint by the use of the letter and its 
subscript, and its position will at once be apparent to the mind 

without the use of a fig- 
ure. 

If a truss rests on ma- 
sonry walls, three meth- 
ods of making the details 
at L^ are in common use. 




2e « Allowance for Expansion 

Fig. 5S. Slotted-IIole Expansion Bearing. 





II 

« 

FifT. •'>3. Roller Expan.slon Hearing. 



These are shown in Figs. 
55, 56, and 57. The de- 
tail shown in Fig. 55 is 
the most commonlv used : 
but its use is not advised 
unless a sufficient number of rivets are placed in the members to take 
up l)oth the direct stress and that due to the fact that the point of 
application of the reaction does not coincide with the intersection 
of the center lines of the chord members. 
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Fig. 54. R(x*ker Expiinsion Hearing. 

In case the l)earing shown 
in Fig. 55 is iiswl, the number of 
rivets in L^ L, may be calcu- 
lated from the e(] nation: 

irr — tin -^ - - , 

r 

in which, 

n =» Number of rivots requiivd: 
V = Allowable stress on one rivet; 
R = Vertical reaction; 
p = Rivet spacing, in inches; 
e = Distance as shown in Fig. 55. 




Fig. 55. 




Fig. 56. 




Fig. 57. 
Details of Ends of Koof Trusses. 



If the number of rivets in L^ l\ is desired, it may be calculated 
from the wjuation: 

ft S i\ 



n'-r — Sti 



in which S is the stress in L^ U^, e the distance shown in Fig. 55, and 
the remaining notation as above. 

If the point of application of the reaction coincides with the 
intersection of the center lines of the top and bottom chords, the 
number of rivets required to withstand the direct stress, which is the 
only stress would be e(|ual to the stress in that member divided by 
the allowable stress in one rivet. 
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In ortlor to illustrate the iise of tlic iiliovc (i{iiiiti(>ii, anil to bring 
out the fact that more rivets are re<juire<l when the point of applica- 
tion of the reaction does not coincide with the intersection of the upper 
and lower chords than when it does coincide, an example will l>e 
solve<l. The stresses, the thickness of the conne<'tion plate, and tlie 
distance of the point of iipplication of the reaction from the inter- 
section of the choni, are as shown in Fig. .W. 

It will l>e assumed that the chonls consist of two angles each; 
and sinre this is tlie case, the allowable imit-stress in one rivet will be 



IKt 



,c^ 



f^ 


t*+ 400 30 lbs. 










, I0--2, 




o 


If 



Fig. M. Data for Example ( 




Bavfl Detail for Fig, !l' 



3 750 pounds, the value of a j-inch rivet in l)earing in a J-inch plate 
when the allowable unit l>earing stress is 2(t 000 ]x>unds per square 
inch. If the jxjint of application of the reaction coincides with the 
intersection of the two chords, the number of rivets recjuirctl .will be: 

■"■'•^''. T^-'-^^^-'- 
Fori,;,, *°-^-.0.67riv,l.. 

Since the point of application of the reaction docs not coincide 
with the intersection of the chord, the numlM-r of rivets rwpiired in 
/.,t7,is: 

the spacing being 3 inches; dividing by 3 750, we have: 
n'- Vln = 106,56. 
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Cuniplctiiij: the .stjuare and solving for w, there is obtuined: 

'. ■ (1 f I 14;;-5(i'= 17.0. cny 18 rivets. 
Tlie iiiinilHTof rivets re<|uiretl in L„ L^ is: 

.,".,,..= .,„»„»...« X20 000x10. 




and ilividiiijf liy '■i'^Tiy) mul oimplcliiif; the sijiiarc, there results: 
I' - LVG7 + \ ll;i.7.'i = i:i.:l2. sny II rivefw. 
InsiH-ctiiiii of the ahove ivsults slxnvs that when the point of 
a{>]>H<-atii)n tif the rcaotioii is j)lace<l HI inclie.s fniin the intersection of 
(he chinils, it ip<iiiirc.s (! more rivets in the iipjter chord and 3 mure 
rivvts ill tlie lower ciiiml tlian would Ix" reipiinil if the point of apl)Ii- 
cati<»n of the n'attioii coincided with the intersection of the chords. 
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The detail just (liseussed is a very convenient one, and is verv 
commonlv used; hut in most cases no allowance is made for the 
additional rivets recjuired because of the fact that the reaction does not 
coincide with the intersection of the chord members. The student 
should always compute the rivets by the formula given above, since 
it is very evident that neglect to do so causes the joint to be exceed- 
ingly weak, in some cases as much as 50 per cent, as is shown in the 
case of L„ Z/j in the above pmblem. 

Fig. oO is excellent, but the length of the l>earing plate, which 
should be as long as the connection plate, is liable to become greater 
than the width of the wall. In such cases the detail sho^\'n in Fig. 
57 is to be usc*d. The objection raised to these details is that the end 
connection plate prevents the placing of a purlin near the end of the 
roof tniss. In case sheathing is used, this objection does not hold 
good, since the overhanging sheathing will reach to the end of the 
truss and form a good eave detail, as shown in Fig. 59. 

.When the roof truss rests on steel (*olumns which are composed 
of latticed angles, the connections may be made as shown in Figs. 
()0 and 01. Fig. (K) is preferable, because it gives a more rigid con- 
nection than is given by Fig. (U. If the columns consist of two panels 
placed close together, back to back, the same details may be used. If 
the column consists of one I-beam or of two channels placc^l back to 
back at some distance apart, then details shown in Figs. 02 and 63 
mav be used. 

Where one member is jointnl to another and makes an angle or is 
perpendicular to it, then details as shown in Figs. 04 and 05 may be 
used. It is not good practice to cut the angles as sho^^n at h in Fig. 
05; a is a better detail. No joints should have less than two rivets. 

In places where three members meet, and two make the same 
angle with one of the others, the details should be made as shown in 
Fig. 00. The leg of the angle which is not joined to the plate should 
always be upward. This prevents the dust and dirt from l>ec()nung 
mixed with the moisture and running or jarring down into joints at 
the lower ends of the members. 

At Aj and />3, sfjuare i)lates (s(»e at left. Fig. 07) should hv used 
when* possible. If the stn\sscs are such that more rivets an* rc(|uired 
in one mcTnlKT than in the other, then the plate should 1h' cut as 
shown at right in Fig. 07. 
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At /-J ihe splice wciirs, siiice Fink tnisses art- usually sliippt-d 
in two parts. In addition to tlie vertical connection plate, which 
also acts .as a splice plale, the bottom plate is itse<l (see Fig. 6K). 
Rivets shown in black indicate that the holes are left open, the pieces 
in which thev «K'«iir are shipped separately, and then are riveted 
together at the place where the truss is put up. 

In some cases where the member //, L^ is long enough to sag 




considerably, or where it is desired to cunnect a load (such as a hand 
hoist) at its center, a verlical i\ M is run fnim U, and connected to 
the lower chord. Xo stress is caused in this nicnilMT by any load 
except the load at .1/, in which case the stress is equal to that load. 
If a load is at M, it will cause stresses in other memlxTS of the truss, 
the stresses in the truss lieinn thesaineas if the dead j>anpl load at 
17, were increased by an amount etjual to the load at M, 
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The general details of a Fink truss are shomi in Plate I (p. 43), 
Plate II (p. 00), ami Plate HI (p. 01). 

In case the Imildiiig is devoted to some piiqjow wliorcin no 
smoke or noxious gases are poxluced, some form of paInU vetitUalor 
may I>e use<I. One very 
excellent make is sliowii 
in Fig. 0!) — ralle<) the 
Star ventilator (Mer- 
<rliant & Co., Philadel- 
jihia. Pa.). These ven- 
tilators are made from 2 
to GO inches in diameter 
at the lower portion, 
where they fit to the 
ridge of the roof. Fig. 
70 shows one of them in 
position on a nnif. The 
number and siz.e of these 

ventilators depend of Details nr !{»■<( TriMxC<>iin<T11i>na. 

, ^ , Sw Bis.. Kitrs. (II. (C.. mill on. 

course njKm the numlM-r 

of times per hour it is <lesiral>le to change the uir in the shop. 
In case the shop is for such purposes that smoke, gases, or noxious 

fumes of any kind are produced, it is desirable to have some channel 

for ventilation 
whioli is consider- 
ably larger than 
tlio.se pven by the 
jiiitentventilators. 
In such eases the 
ventilation is usii- 
iilly obtained by 
a small hoiise- 

t-ig.ta. I>elttllsr.f ■•Sli>r"VpQi!laiors. , , 

sna{>ed construc- 
tion called a lantern, monitor, ot vtniilaior (see Fig. 71). The sides 
of these ventilators may be fitted with louvres or windows, or left 
(il)en. Louvres may l)e made either of wood or of comigatcd or 
plain bars. For <letails of monitors and louvres, see Figs, llJ4, 125, 
and 120. 
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In order to admit sufficient 
lipht into the building, part of the 
HHif of buildings over 80 feet 
wide must l>e made of glass, since 
the iimoiinl of Hglit adniittwl from the sides of the building is 
not suflini'ut to light uji those parts of the shop near the center 
of the tnisses. In some cases the saw-toothed truss is used, in 
which case the entire surface of the short rafter is covered with glass. 
In case the ordinary triangular roof truss is used, a portion of the 
n>of covering nmst be made of glass, so put on as to prevent leakage 
and also to prevent the moisture which forms on the under side of 
tlie glass from dnipping in the shiip. Fig. 72 shows the glass in 
place on a suw-toothcd roof; and Figs. 73 and 74 give the details of 
several methods of securing glass on the roof so that no leakage or 
condensation will get onto the shop floor. The glass area should be 
from "iV to J of the floor area. 

13. Specifications for Roof Tnisses and Steel Buildings. In case 
of an important structure, special si>ecifications arc written, embody- 
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ing certain fea- 
tures which the 
experience of the 
engineer in charge 
indicates as neces- 
sary. For ordi- 
nary structures, 
however, several 
very satisfactory 
specifications are 
on the market. 
These consist of 
from 15 to 20 
pages, hound in 
paper, and may 
1)0 had for twenty- 
five cents a copy. 
Two very satis- 
factory specifica- 
tions are those of 
Charles Evan 
Fo wl er and Milo S. 
Ketchum. Either 
may 1.C li:id hy addressing tlio Engineering News Publishing Company, 
New York City. Fowler's specifications, in addition to giving speci- 
licjiliiHis fur load strc.ssi-s :nid wurkmiinship, givemnch vahiidtle in- 
fiinnaliim regjinliiifr tlie 

in different kinds of Irii j—js^^^iss^ > 

sides viirions details showing tlie "^Mffl^fe^^^ ^^jj 
use of cornigatcd steel. 

An cxlciulcd set of s|)cci(ic'a- 
tions is not re<|nired for the de- 
sign of ordinarj' niof tnis.scs. In 
addition to the information re- 
garding tlie weight of trus.ses, the weight of roof covering, the snow 
load, and the wind load, the use of Table VIII will be found to be all 
that is necessary In order to design cn)ss-seclions of the various 
members, once the stresses are determined. 
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TABLE VIII 
Allowable Unit-Stresses, Medium Steel 

For Shear 10 000 pounds jx^r s(|iiare inch. 

For Bearing 20 000 

For Tension 15 000 " 

For Bearing of Steel on Masonry 250 to 400 " " " " 

For Compression P = 24 000 - 1 10 - . 

In case the stresses arc those due to crane loads, the unit-stresses in 
tension and compression indicated in Table VIII should be reduced } and i 
respectively. Members of the lateral bracing and their connections may be 
allowed an increase of 25 per cent over the unit-stresses there indicated. 

In the equation above given "For Compression/' / is the length of 
the member in inches, and r the least radius of gj'ration. The ratio 

of - should never be greater than 120. 
r 

The gauge line or gauge is the line on the flange of a shape, on 

which the rivets are placed. In angles and channels it is located by 



Gage 




* l lo ° ° °l 1| I <^'~-^ I 

J " Double Goqe ^o y-^g^ 

^In n n P cj -T^ I ^:;^ 1 -f- 

Single Gaqe P fa3B^^^=^==^sl ^^m 

Fig. 75. Gauges for Angles, Cliannels, and I-Beams. 

giving its distance from the back of the shape; in the case of I-l)eams 
the distance between two gauge lines on opposite sides of the web is 
indicated. Some angles have double gauge lines, in which case the 
rivets are placed first on one and then on the other; this is called 
.staggering. Fig. 75 shows gauge lines for various shaj)es. 

Rivets I inch in diameter are generally used in legs of angles 3 to 
4 inches long or greater. For the gauge lines and the maximum sizes 
of rivets to be used in angles, see Table IX. For similar data for 
channels and I-beams, see Carnegie Handbook, pp. 177-1 So. 

It is often desirable to express the length in feet instead of inches, 
in which case the formula becomes: 



P = 24 000 - 1 320 -. 

r 
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TABLE IX 
Gauges and Maximum Allowable Rivets for AngI 
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* When thickness is I inch or over. 

For convenience in designing, the values of L -r r should be plotted 
as ordinates, and the resulting values of P as abscissa?, on cross- 
section paper, and the curve drawn in. Then the value of 
P for any given value of L -r- r may be taken at once from 
the diagnim without the labor of substituting in the above 
formula. 

The bearing value of a rivet in a plate of given thickness is equal 
to the thickness of the plate, times the diameter of the rivet, times the 
allowable unit bearing stress. The value of a rivet in single shear is 
equiil to the area of the cross-section of the rivet, times the allowable 
unit shearing stress. The l)earing values of rivets of different diam- 
eter in plates of different thickness, and the shearing values of 
rivets of different diameter, are given in Table X, the unit-stresses 
being as given above. 
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TABLE X 
Bearing and Shearing Values of Rivets 



DiAMLTRR 
OP RlV£T 


SiNai.E Shear 

(at 10 000 lbs. 

per sq. in ) 


Bearing in Difpkrent Thicknersek of Platkh 
(at 20 000 lbs. per sq. in.) 


( Inches) 


i in. 


AiB 


1 in. 


l^.iB. 


Jin. 


A in. 1 1 in. 


liin. 


i. 

i 

}i 

i 
i 


1960 

2 480 

3 070 

3 710 

4 420 

5 180 

6 010 


2500 
2 810 
3130 
3440 
3750 
4070 
4 380 


3130 
3520 
3910 
4290 
4 690 
5080 
5470 


3 750 

4 210 
4 690 
5160 
5630 
6090 
6 570 


4 920 

5 470 
6010 

6 560 
7110 

7 660 


6880 
7500 
8120 
8 750 


8 440 
9150 

9 840 


10160 
10 940 


12040 



DESIGN OF A RIVETED ROOF TRUSS 

14. Let it be required to design a Fink roof truss of 64 feet span 
and J pitch, the distance between trusses being 16 feet. The roof 
covering is taken as 12 pounds per square foot of roof surface, and the 
total snow and Mvind load will be taken as 30 pounds per square foot 
of horizontal projection. The weight of the steel in the roof truss 
will be computefl from Merriman's formula (see Art. 4, p. ()). The 
total weight is now found to be: 

Weight of truss, -|- X 16 X 64 ( 1 + j^) = 5 580 pounds. 

Weight of roof cover, 35.6 X 2 X 16 X 12 = 13 650 pounds. 
Weight df wind and snow 64 X 16 X 30 =- 30 700 pounds. 

Total 49 930 pounds. 

Each apex load is therefore 49 930 -^ 8 = 6 240 pounds. By 
multiplying this value by each of the stresses as given in Fig. 25, the 
stress in each member is computed as follows : 



Lq l, 

L, U2 and U2 ^■'3 
U, La 



7 . 83 X 6 240 = 48 800 pounds 



= 7.00 X 6 240 = 43 700 
= 0.89 X 6 240 = 5 580 
« 7.38 X 6 240 = 46 000 
= 1 .00 X 6 240 - 6 240 
= 6.00 X 6 240 « 37 450 
« 1.79 X 6 240 « 11 150 
= 6.93 X 6 240 « 43 200 
« 4.00 X 6 240 = 24 950 
= 2.00 X 6 240 = 12 475 
= 0.89 X 6 240 - 5 580 
« 3.00 X 6 240 = 18 725 
« 6.48 X 6 240 = 40 500 
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In the design of this truss, no material thinner than {-hich, and no 
angles smaller than 2\ by 2-inch, will be allowed. 

Fig. 7i} shows an outline diagram of the truSvS, with the stresses 
placed u[)on it. A positive sign signifies a tensile stress, and a negative 
sign signifies a compressive stress. The length of the top chords is 

1 32M^1G^ = 35.6 feet; and the 
length of each panel is } of this, 
or 8 . 9 feet. The horizontal pro- 
jection of one panel is J of half 
the span, or 32 -h 4 = 8 feet. 

Design of the Purlins. Tlie 
distance between the trusses is 
16 feet, and the distance between 
the purlins is 8.9 feet; therefore 
the load coming on one purlin is: 
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Hoof covering, 8.9 X U) X 12 == 1 710 pounds 
Snow and winil, 8 X 10 X 30 - 3 840 



Total — 5 550 j)ounds 

This should be resolviMl in two components, T and //, p€Tj)endicular 
and parallel to the truss chord. These are determinexl by the pro- 
portions of similar triangles, as follows: 

]' : 5 550 - :V2 : 35 

]' - 5 OSO pounds. 
// : 5 550 -^ 10 : 35.0 

// - 2 490 pounds. 

The bending moment caused by F is M, = (5 080 X 16) -^ 8 = 
10 160 pound-feet. The bending moment caused by // is A/h = 
(2 490 X 16) ^ S - 4 9S0 pound-feet. The stress caused by V is = 

' ; and the stress caused l)V // is — "— ; and there is also the con- 
/ I' 

dition that the sum of these two stresses shall not be greater than 
15 000 pounds. Since the above formula involves the moment of 
inertia and half the depth of the l)eam, a beam nuist l>e chosen, and 
its moment of inertia and half-depth substituted in the alK)ve equa- 
tion, and the etjuation solved In case the sum of the stresses is in 
excess of 15 000 jK)unds, or very much smaller, a nM'omputation must 
be made, using a larger or a smaller beam, 
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A 15-inch 42-pound I-beam will be assumed, and will be examined 

to see if it fulfils the necessary conditions. The value of / and /' are 

15 
taken from the Carnegie Handbook, p. 07. The value of c is -'- = 

5.50 
7i in the first case, and *— • = 2.75 in the second case. The 

quantity 5 . 50 is the width of the flange of the I-beam. Substituting 
in the above formula, there results: 

10 160 X 12 X 7J . 4 980 X 12 X 2.75 ,, _^ , 

■—441:8 ^ - ^[4762- = ^^ ^^^ P^"'^^^- 

The above I-l)eam could \yt used; but in case the sheathing is laid 

closely and nailed tightly, we may consider it acting as a beam of a 

span of 16 feet, 8.9 feet deep, and of a thickness equal to that of the 

sheathing, which in this case will be assumed as li inches. The 

sheathing will then take up the moment caused by the force H; and 

the purlin will take up the vertical l)ending moment alone. The 

3/ c 
stress in the sheathing due to the force // is — ^ . Here 3/ = 

4980 X 12;c = 8.9 X 12 -2;and/ = ^-^'A^--?2112|' Therefore, 

_ 4 980 X 12 X 8.9 X_12^ 12 
2 X 1.5 (8.9 X 12> 

= 20.95 pounds per square inch, which is insignificant. 

The vertical bending moment taken up by the purlin is 10 160 X 12 = 
121 920 pound-inches, and this requires a section modulus of 121 920 
-r 15 000 = 8. 14. By consulting pages 101 «nd !02 of the Cam^e 
Handbook, the following is found to be true: 

An 8-inch 11 .25-pound channel is just too small. 
A 7-inch 17.25-pound channel gives the nearest section modulus. 
An 8-inch 13.75-pound channel would be lighter and stiffer. 
A 9-inch 13.25-pound channel would be still lighter and stiffer; and 
since it weighs less than any of the others, it will be more economical. 

A 9-inch 13.25-pound channel will accordingly be used for the 
purlins. 

On account of one half-panel load coming on the purlin at the 
ends and ridge of the truss, these purlins must theoretically be only 
one-half as strong as the other; but, on account of the fact that all 
purlins must be of the sjime height, these purlins are made of the 
lightest weight channel of the same height as the others. In this 
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case it hapjxnis th«at the lightest weight iMnch channel is reijuireil for 
the interine<liate pnrlins as well as for the end ones. To illustrate 
the above, suppose that the purlins were ivipiired to be lO-inch 25- 
pound channels, then the end purlins would be made of 10-inch 15- 
pound channels. 

In case sheathing is not used, then some other method must Ije 
employed to take up the bendinji: moment due to the force IT. The 
usual method of doing this is to bore holes in the center of the purlins 
at the middle )K)hit of their span, and to connect them with rods 
which run from one cave up over the ridge and down to the other eave 
(see Fig. 22). 

Design of Tension Members. For Memhrr L^ i,: The re- 
(juired net area is 43 700 -v- 15 000 ^ 2.92 square inches. By con- 
sulting the Caniegie Handl)ook, p. 11<S, it is seen that two 3 by 3 
by i^fl-inch angles give a gross area of 1.78 X 2 = 3.50 square 
inches. From this must be subtracted the rivet-hole made bv a 
J-inch rivet. Since all rivet-holes are punche<l J inch larger in diam > 
ter than the rivet, the amount to be substrficted from the alK)ve 
gross area is /^ X (| + i) X 2 ^ 0.54, there l)eing two rivet-holes 
taken out of the section. This gives a total net area of 3.50 — 0.54 
= 3.02s(|uare inches. As this is but slightly larger than the re- 
(juired net area, these angles will be used for this member. Since 
the stress in this member is the greatest stress in the bottom chord, 
and since the bottom chord is made of the same section up to the 
splice at L^, on account of economical construction, it being che^iper 
to nm till, same si/txl "..;^^'^ ''.}:rv/u^Iu>ut than it would be to change 
the size of each panel and make a splice at each panc^l {X)int, the size 
of angle as determined above will be used for the first two {xmels of 
the bottom chord at each end. 

For Memhrr L^ L.: The recniired net area is 24 050 -^ 15 000 
^ 1 .07 s(|uare inches. From ( 'anicgie Handbook, p. 1 15, two angles 
21 by 2 by J-nich give a gross area of 2 X 1 .00 ^ 2. 12 s(|uare inches; 
and taking out two J-inch rivets, the net area is 2. 12 — \ (J + J) X 2 
^-^ 1 .74 sfjuare inches. This coincides very closely with the recjuired 
area, and this angle will be used. Even if this angle should have 
been in excess of the recjuired area, it would still be necessary to 
use it, since it is the smallest angle and of the least thickness 
allowed , 
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For Member L^ U^: The required net area is IS 725 -h 15 (KK) == 
1 .25 scjuare inches. Two angles 2^ by 2 by J-inch give a gross art*a 
• of 2 . 1 2 s(juare inches, and a net area of 1 . 74 square inches, as al)ove 
computed. Although they give an area considerably larger than that 
re(]uired, nevertheless they must l>e used, since they are the smallest 
allowed. 

For Members L^ U^ and U^ L^: The recjuired net area is 6 240 -^ 
15 000 = 0.42sc|uare inch. One angle 2] by 2 by j-inch gives a 
gross area of 1 .06 square inches. The amount to deduct from this 
is } X (s + s) = 0.19 s(]uare inch, one J-inch rivet-hole being taken 
from the swtion. This gives a net area of 1.00 — 0.19 = ().S7 
s(juare inch, which shows this angle to be sufficient. 

Since the meml)er U^M has no other use than to prevetit the 
lK)ttom chord from sagging, it will l^e made of the lightest angle 
allowed. It will therefore be made of one angle 2\ by 2 by }-inch. 

The member L^ L^ is made of the same section as the member 
L^ XJ^y since this is more economical than to change the section and to 
make a splice at Ly It will be made of two angles 21 by 2 by J-inch. 

Design of the Compression Members. The general nietluHl of 
pn)cedure in the design of conipr(*ssion members is, first, to assume a 
cross-section, and then to detennine the unit compressive stress 
allowable by inserting the length of the member and the radius of 
gjTdtion of the assume<l s(*ction in the f!)nnula given for the unit 
allowable compressive stress; then divide fJie stress in the member 
by the unit allowable compressive stress detennintMl as al)ove.T^ '^I'his 
will give the RHpiirtHl area. If this re<|uire<l area is ecjual to, or slightly 
less than, the area of the cross-section assume<l, the section assumnl 
will be the tnirrect one. If the rtH|uire<l area as computed above is 
greater than the area of the section, then a larger .sec^tion must be 
assumed and the operation rei^^ated. Usually only two ojXTatioiis 
are reiiuiriHl iii onler to obtain a section whose area is correct. It 
should be nottnl that the area of the rivet-holes is not ckMluct<Hl from 
the section in compression members, since the rivet fills up the rivet- 
hole and makes a se<*tion as strong in compression as it was in the 
first place, (^are should be taken to assume a section whose radius 
of gyration is (Hjual to or greater than the length of the memlxT 
divided bv 120. This is due to \\\v fact that I -^ r should not be 
greater than 120. ( jimpression members of nK)f trusses for the usual 
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spans are made of two angles placed back to back. The radius of 
gyration of such a section is ecjual to the radius of gyration of one 
angle, if it is referred to an axis perpendicular to the legs which are 
placed together. If it is referred to an axis through the center of the 
section and parallel to the legs which are placed together, it is equal 
to some value other than the radius of gyration of one angle. The 
jadii of gj'ration for pairs of angles placed either directly back to back 
or a small distance apart, are given on pages 144 to 146 of the Car- 
negie Handbook and in Table XI, and should be used in^the design. 
The value of the radius of gj^ration for sizes of angles other than 
those given, may be obtained by interpolation. 

For example, let it l>e recjuired to determine the radius of gyra- 
tion of two 5 by 3i by i-inch angles placed J inch apart and back to 
back, the 5-inch legs l)eing horizontal (see p. 146, Carnegie Hand- 
book). Since this value is not given in the tables, it must be inter- 
polateii from the valutas given for r^ for the above sized angle, which 
are -{^q inch and J inch thick. The difference between the two 
thicknesses given is J — -^\ = i% inch. The difference between 
the two values given for the radius of gyration is 2 . 55 — 2 . 44 = 0.11. 
This gives a difference of .11 -r 9 = 0.0122 for each j^ inch differ- 
ence in thickness in the angle. The difference between the thickest 
angle and the angle under c*onsideration is i — I = f , or jV 
Therefore the amount to be subtracted from the radius of gj'ration of 
the thickest angle is 6 X 0.0122 = 0.0732; and the radius of gyra- 
tion for two angles placet! back to back as above stated is 2 . 55 — . 07 
= 2.48. In case one angle is used for a member in compression, the 
least rectangular radhis of gyration must be used; and if two angles 
are employed, phu^etl back to l)ack, care should l>e exerciseil to use 
the least radius of gyration; and if the angles have unequal legs, those 
legs should be placed back to back, which will make the rectangular 
radii of gyration as nearly c^cjual as possible. The values of the 
radii of gyration will indicate whether the short legs or the long legs 
should be placed together. The tables given in the Carnegie Hand- 
book give the radii of gjTation for angles simced at distances i inch 
and 4 inch apart; but since the connection phites of roof trusses are 
usually ^ inch or J inch tliick, the values of the radii of gyration 
should be given for angles spaced l inch and § inch apart. Such 
values are given in Table XL 
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TABLE XI 
Radii of Qyratloa of Angles Placed Back to Back 
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r^ => in all cases, the radius uf f^yration of oi^e angle referred to neutral axis paral- 
lel to the horizontal lefi: as Mhown above. 

For Member L^ U^: Two angles 3^ by 3 by i"j-inch, long 
legs spaced back to back, and } inch apart, will be assumed. The 
least radius of gjTation is 1 . 10, and the length is 8 .9 feet. The area 
of this section is 2 X 1 . 93 = 3 . 80 square inches. The unit allowable 
compressive stress is: 

110 X 12 X8.9 



P = 24 000 - 



1.10 



13 400 pounds. 



The required area is 48 800 -r 13 400 = 3.65 square inches. Since 
the angles given are of somewhat larger area than that required, it 
might be well to examine the next smallest angle. 

Two angles 3i by 2^ by ^'^-inch, with a radius of gyration 
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1.11 and a total area of 3.50 scjuare inches, will 1)6 assumed. The 
unit allowable compressive stress is: 

/' = 24 000 - li?-211?_^-?- -^ = 13 510 pounds. 

The refjuired area is 48 800 -^ 13 510 = 3.61 square inches. Since 
the recjuired area is greater than the given area, it shows that these 
angles are too small. Two angles 3 J by 3 by I'^c-inch will there- 
fore l)e used for this member, and also for all the members of the top 
chonl, since it is more economical to run the same size throughout 
than to change the section and make splices at all the upper chord 
panel points. 

For Member U^ L^' The length of this meml>er is easily com- 
puted from similar triangles, and is found to be S.9 feet. Two angles 
2?, by 2 by /y-inch, with the long legs back to back, give a total area 
of 1 .62 square inches and a radius of gyration of 0.78. The unit- 
stress is computed and found to be 8 950 pounds. The required area 
is 11 150 -^8 950 = 1.25 square inches. These two angles would 
be used, but the least allowable radius of gyration is 8.9 X 12 -=- 120 
= . 89. This is seen to be considerably greater than the radius of 
g}Tation given above, and therefore these angles cannot be used, 
according to Specifications. By consulting the tables, it is seen that 
two angles 3 by 2 J by J-inch are the smallest angles that will give a 
radius of g}'ration nearest to the required amount (0.89) and still 
be standard size angles. Angles marked with a star in the tables 
are special angles, and can l)e procured only at a cost greatly in excess 
of the others, and then only with great delay in delivering except 
when large quantities are ordered. It may be said that standard 
angles should never be used. 

For Members L\ Lj and U^ L^: The length of these members is 
4 . 45 feet. The radius of gj^ration must therefore not be less than 
4.45 X 12 -- 120 = 0.45. One angle 21 by 2 by }-inch, with an 
area of 1 .00 square inches and a least rectangular radius of gyration 
of . 59, will be assumed. The[allowable unit compressive stress is : 

110 X 12 x^- 

P = 24 000 ,;-^7r 14 Or)0 pounds. 

o.oy 
The required area is 5 580 -t- 14 O.X) = 0.40 square inch. The 
angle chosen gives a much larger area than that required ; but since 
it is the smallest one allowed by the Specifications, it must be used. 
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Many designers do not place a limit on the value of the radius 
of gyration, but simply use the compressive formula, and any section 
whose radius of gyration will bring the required area near to its own 
area. This should not be the case, since the formula here given is not 
applicable when the value of / -J- r is greater than 120. 

Top and Bottom Lateral Bracing. Since the stresses in the 
lateral bracing are not susceptible of a well-defined mathematical 
analysis, it cannot be rationally designed. Experience indicates that 
it should be as in Article 7. The lower chord bracing w^ill therefore 
consist of single angles 3 by 2.J by j'^g-inch; and the upper chord 
bracing, of 3 by 3 by ^'^g-inch angles. This bracing should not be 
placed between every truss, but should be placed as indicated on the 
stress sheet, Plate I. If one |-inch rivet is taken out of the section of 
the bottom lateral bracing, it will give a net area of 1.62 — 0.27 = 
1 .35 square inches; this could withstand a stress of 1 .35 X 15 000 X 
1 .25 = 27 000 pounds, which is the stress the bracing is assumed to 
carry, and which is to be used in determining the number of rivets 
for the connection. The stress in the top lateral bracing may be 
assumed to be the same. 

Deiemiination of Number of Rivets Required, It is to be remem- 
bered that |-inch rivets are to be used in the2i and 2-inch legs of the 
angles, and ^-inch rivets in all larger legs. Field rivets are to have 
a value equal to } of a shop rivet. Connection plates } inch thick 
are to be used in all cases, except where the number of rivets required 
will be greater than 10. In such cases, use a |-inch connection plate. 
The correct numl)er of field rivets may be determined by multiplying 
the required number of shop rivets by f . 

Whenever tw^o angles back to back join on a plate, the number 
of rivets is governed by the bearing on the connection plate; and when 
one angle is joined to a plate, the number of rivets is governed by 
single shear if the rivet is f inch in diameter, and by single shear if the 
rivet is J inch in diameter and the plate is over J inch thick. The 
bearing and shearing value of the rivets are taken from Table X, p.47. 

Lower End of L^ Ui', Rivets }-inch. Plate §-inch. 

48 800 -f- 5 630 » 9 shop rivets required. 
Upper End of L% U^: Rivets J -inch. Plate }-inch. 

40 500 -^ 5 630 =-• 8 shop or 10 field rivets 
Upper End of U^ L,: Rivets J-inch. Plate f-inoh. 

18 725 -H 4 690 = 4 shop or 6 field rivets. 
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Lower End of Lj L^: Rivets J-inch. Plato J-inch. 

12 474 : :5 130 - 4 shop rivols. 
Each ICndoj IJ.^Jj./. Uivuts J-iiirh. Plate J-inrli. 

11 150 -:- ;i i:U) -= 4 shop rivets. 
EnchEndoj L^U2(in4U^L^: Rivets J-inch. Platen-inch. 

G 240 : :\ 070 - 2 shop rivets. 
Each End ol U^ L^ and V^ /.,: Rivets J-inch. Plate J-inch. 

5 r).S0 : \\ 070 - 2 shop rivets. 

^^^le^e r^jLj and VJj^^ join the top chonl, two rivets Avill be 
require<l in the top chonl. 

Since the comix)nents of the two diagonals meeting at U^ are 
pandlel and ecjual, and opposite to the stress in f/, //,, no rivets will 
be retpiired, theoretically, to hold the plate to the top chonl. A 
sufficient number, however, must l)e put in to take up the vertical 
reaction of the puriin. This number is 5 550 -t- 3 130 = 2 shop rivets. 
In practic(» a grt\iter number are usually put in to prevent vibratiim 
and to fill out the plate. 

At L, a sufficient numlnT of rivets nuist be place<l in L, U^ to take 
up the differtMice in stn\ss betwtvn L^ V^ and L^ Ly The numl)er 
r«|uinHl is (IS 725 — 12 475) -^ 3 1.'^) ^^ 3 sho[) rivets. 

At the end L^, of the member L^, L,, there is a horizontal stress 
of 43 7(K) |)ounds, and a vertical force ecpial to the redaction, which is 
49 930 -:- 2 =^ 24 905 jxninds (see Fig. 70). The force acting on 
the rivets in this member is the resultant of these two fon^t^s, and is: 

\'4.S7(M)- h 24~«M)r)- -- 50 .SOO pounds. 

Since the rivets are -/-inch and the plates JS-inch, the numlxT of rivets 
r(M|uir(Hl is 50 3(K) -:- 5 ()3() ^ 9 .shop rivets. This iunnl>er should l)e 
])Iace<l synunetrically with resjK*ct to the intersectiim of the two 
chords. In case the [K)int of application of the reacticm had not 
coinci<led with the hitcrsection of theclumis, the number of rivets must 
be computed acconling to the formula on i)age 30. 

For the joint at Lj, a sufficient number of rivets must be put in, 
in onler to take up the difference in stress l)etween the meml)ers 
4 L^ and L, L,. The number requinxl is (43 7(K) - 37 4.50) - 3 750 
= 2 shop rivets. 

The purlins have a horizontal shear at each en<l, of // -t- 2 = 
2 4^)0 -7- 2 = 1 245 pounds. This reciuires 1 245 - 4 420 = 1 shop 
rivet or 1 field rivet, to keep them fn)m slidhig down on the top 
chonl. Clip angles 5 by 3 J by J-inch will be used as shown in Plate I. 
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Rliuwlne Clip Angle 



'lliese help in the ertt-tiiig of the purlins, since they are sliop-ri^ftwl 
(o the tnis.s and therefore hold the purlins in place while (liey arc 
beinj; ficld-rivcted to tlie tniss and to the clip anjjies (see Fig, 77), 

Rirrfit in Lairral Bracing. The plates of the lateral lirucing shoiiKI 
be made \ inch thick. The 3- 
inch leg of the angle will l>e 
placed ugitinst the plate. Uiv- 
e(s J inch in diameter can then 
be used, ami thestrength of the 
joint will l)e governed iiy hear- 
ing in the J-iiich plate. The 
stres.s for which the rivets are 
to lie determinwi is given on p. 
r.-.. It is 27 (UK) pounds. The 
number of field rivets in Itearing 
in J-hich plate, required to with- 
stand the stre.s.s, is (27 000 -^ 4 420) X } = 0. The .size and sliape 
of the plate can l>e determined only while making the detailed draw- 
ing (see Plate III, p. 61). 

Dmif/n of the. SpUcf. The general <letails of the .splice will Iw as 
liliown in Fig. C>H. 'Hie plate undenicath will be mad<' \ inch thick, 
the same thickness as the ver- 
tical connection [ilate at this 
[)oin(. Note that the menil>er on 
the left-hand side of the spli<-e 
must have ^-iiuh shop rivets, and 
the meml>er on the right-hanil 
side must have H-inch Held rivets. 
The total niimlHT of rivets on 
either side of the .splice nmst Ih- suflicienf to take up the entire 
stress of the mendn-r thniugh which they are driven. If eight J-incli 
field rivets are driven through the horizontal legs and the lM)ttom 
splice plate, and five 5-iiicli field rivets arti driven thrtjngh the ver- 
tical plate and legs of the angles (see Fig. 7X), the total strength 
of the joint, rememln'ring that the rivets are M-inch, will In-i 
8 X j X :t 070 = 1« 370 pcnmils. 
6 X j X ;i i:jO - 10 4.10 pcnm.ls. 

Total 26 »00 [Hjunds. 



6 Shop 




5 Field 
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Detail <'l Lcvrer CliorJ KpUce. 
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Note that the rivets through the lx)ttom spHee plates are governed 
hy single shear; and those through the vertical plate, by bearing in 
the phite. Since H) 370 pounds is the value of the rivets thnnigh the 
lK>ttom splice plate, this amount will hv transmittetl to the other side, 
where it must be taken up by shop rivets. Bearing in the plate 
governs the numlier of J-inch shop rivets recjuired. '^Tliis number 
is 10 370 -T- 3 750 = 5. Since 1(> 370 {X)unds of the stress in the 
member L, L, ^^ taken up by these 5 shop rivets, the remainder, 
37 loO — 10 370 ^^ 21 OSO pounds, must l)e taken up by the rivets 
through the vertical connection plate. This recjuires 21 OSO -r- 3 750 
— shop rivets. 

Since 10 370 jx)unds is tninsmitted from one side of the splice 
to the other by means of the lK>ttom splice plate, this plate should l)e 
IT) 370 -r- 15 (KK) =-- I.00s(juare inches in net section. Tlie net 
wi<lth, the plale being { inch thick, is 1.00 -:- 0.25 ^ 4.30 inches. 
If two J-inch rivct-hoh's arc taken out of th(» section, the entin» ^\^dth 
of the plate must be 4.30 1 2 (;,* ! J) =- 0. 1 1, siiy 7 inches wide. 
The length of the plate must be sufficient to get in the number of 
rivets, and this length is dt^tennined in detailing. 

Dcsiyn of the Masonry Plait\ If this truss restetl upon a masonry 
wall, it would rtMjuire a lH»aring of (49 030 4- 2) -^ 250 = 1(K) square 

inches. The width of the plate cannot l)e 
4 Anchor bolt U^ss than twice the width of the legs of tlie 

lM)tt()m chord angle, nor should it extend 
outside the legs of the chord angle more than 
3 inches on each side, "^llie masonry plate 
will be assumed as 12 inches wide, in which 
Fig. 79. Slotted nolo f..r case it must 1k^ 1(K) — 12 -= S.34, say SI inches 

Truss of KIk'. 7«. ^ . 1 1 . i" 

long. The thickness should l)e \ inch. 

Temperature AlUnranee, Slotttnl holes must be put in one end 
of the truss, to allow for a variation of 150 degrees in tem[)erature. 
A connnon rule is to allow J-inch expansion for every ten feet of span. 
The total allowance for expansion is 04 X 1 = say, 1 inch. Since 
the bolts which go through this hole are \ inch in diameter, the hole 
must be long enougli to allow for \ the expansion on each side. The 
width of the hole should be } inch greater than the diameter of the 
brjlt (.seeFig. 70j. 

Connedhn^ to the Posts. If the truss rests upon posts at the end. 
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sufficient rivets must be driven thn)u<;h the j)osts and the end con- 
nection plates to take up the end reaction, which (see page 38) is 
24 970 |X)unds. Sinc*e the rivets are field rivets, this will recjuire 
24 970 -r- 3 750 = 7. This number is to l)e used in case the posts are 
built in masonrj' walls. In case the truss has knee-braces and the 
walls of the building consist of steel framework, the reaction due to 
the wind must be added to the alK)ve. 

15. The Stress Sheet. This should also l)e somewhat of a 
general drawing, showing the details. It should give an outline sketch 
of the building, showing bays, the distanc(\s l)etween trusses, and the 
bracing in the plane of the to|) and lx>ttom chonls. See Plate I, 
p. 43, which is a stress sheet of the truss designed in Article 14. 
While not nt^essary, it is very convenient to have the recjuired number 
of rivets note<l u])on the stress sheet. 

10. The Detail Drawing. The stnvss sheet, in the matter of 
sizes, gives general dimensions only. It would be im}X)ssible for the 
shoj) men to make a truss from the stress sluH»t. 

The shoj) or detailed drawings must be prepantl by the drafts- 
man. These drawings must show the exact numl)er of rivets, and 
their positions, the dimensions of every plate, meml^er, and purlin. 
Tlie placing of the dimensions so that it will be unnecessary to add 
or subtract in onler to get another desired dimension, is cpiite an art, 
and can be attaine<l only through experience or from the study of 
correctly detailed work. Plates II and III give the shop drawings 
for a n)of truss and the bracing. These are made acconling to the 
latest and lM\st practice, and a tlion)ugh stu<ly of them will be a help 
to an intelligent design of the trusses. 

All members and plates which are to be riveted together in the 
field should be given a mark, l^his mark should be painted on the 
member or plate, and also markwl on the Marking or Erection 
Diagram (see Plate IV). This diagram is a sketch, with the pieces 
in their pn)|>er position and the correct mark placed upon them. For 
example, if it is desired to rivet into place the first panel of the lower 
lateral system, the men look- on the marking diagram and see that 
plates P/-, 7V^, and 1%, and the laterals BL\yBL2, and fiJL3 are 
required. They would then go to the place where all the trusses are 
piled up, and pick out the plates and members with these marks upon 
them. They would then rivet Pl^ at JL^, Pl^ or P/, at JLj, then BL 1, 
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then B//3, and finally B L2, all of which are shown on the Marking 
or Erection Diagram. 

Care should be taken to give each piece that is different from 
others in any way whatsoever, a different mark. For instance, the 
purlins are the same size, and differ only in length and on account of 
the fact that one has holes in the bottom flange (see Plate III). 

Plate IV gives the roof marking and erection diagram for the 
roof trusses of Plates II and III. Note that the roof truss on 
Plates II and III is not the same as that of which Plate I is a 
stress sheet. 

17. Estimate of Cost. A rough estimate of the cost of steel in 
the roof may be obtained by multiplying the weight of the purlins, 
in pounds, by 2 J cents; then adding to this the result obtainwl by 
multiplying the weight of all the steel in the trusses and the bracing 
by 3\ cents. Tliis will give the cost of the steel work in place with 
two coats of paint. This will give the cost closely enough for an 
Engineer's estimate; but should a Contractor desire to bid, a detailed 
estimate should l)e made as indicate<l in the remainder of this article. 

The cost of the roof covering may l>e approximately determined 
according to the prices given in Article 5, but may Ik? more accurately 
obtained by asking a Contractor for a figure which his experience 
will indicate as correct. 

Paint of various kinds may he lx>ught in ojx-'n market. Table 
XII gives some of the kinds us«l in jMiinting structural steel, to- 
gether with the amount of surface one gallon will cover. 

TABLE XII 
Surface Covered per Gallon of Paint* 



Paint 

1 coat 



StiiAHK Fkkt 



2 coats 



Iron Oxitio (powdcrtnl) tiOO ;{.)0 



tt tt 



(j^round in oil) ti.SO 

Red Load (powdered) 030 

White Lead (ground in oil) 500 

Graphite " " '' 300 

Black Asphalt 515 310 

LinsfM^d Oil N75 . . . 



•>" "" 

300 
2L') 



«lVii(-oy(l Hamlbouk. 1898, y. 20X 
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One pillon of |Miint will pve two tons of stnictunil steel the first 
eoiit, or 2 J tons the scxmmmI coat. ITie cost of one coat of (>aint in the 
shoj) is 45 cents, and two coats after erection Sl.SO per ton of strue- 
tnnil steel.* 

The detailed estimate of the cost of steel includes several items 
which ari* ^iven in Tahle XIII. In each c*a.se the weight of the steel 
on which the work is done nuist Ik* multiplied hv the unit-cost, and 
the sum total of all the costs will Ik* the total cost of the entire roof or 
building. Tahle XIII ^ives the various oj)erations which go to make 
uj) the c*ost, and also the imit-<*osts. Note that the costs vary eon- 
siderahly. This table is given as a nnigh guide. In onler to ana- 
lyze intelligently the cost in this manner, gwat exjKTience or access 
to the cost rix.*onls of some structural steel conijmny is ni»cessary. 

TABLE XIII 
Analysis of Cost of Roof Trusses and Mill Buildliit:st 



Otkim rn>N 

Raw Material 

Work done at Rolling Mills (mill work) 

i Colunnis 
Work done in Bridge Shops - Trusses 

f Girders 

«- 1 1 • IX e*- i> \ I'^rlins 

A\ ork done in Drafting Kt>oni ' „, , ,. .... ., .^ „ 

/ Irusses and Buildinj^s 2.00 8.00 



1 

<'«WT PKR 


Ton 


sar.oo to s 10. 00 


3.00 " 


7.00 


14.00 " 


20.00 


12.00 " 


25,00 


12.00 " 


25.00 


] .30 " 


1.00 



Painting \ 1.50 " 3.00 

Shipping idep«*nds npon freiglit rales) 

Kreetion 5.00 " 15.00 



It is not to l)c sn|)])os(Hl that all of the operations indicated in 
Table XIII are made on one piece. U.sually pieces which have mill 
work done on tlieni nM|nire no shop work. In such cases a saving 
of freight is elTectiMl, since the niatcTial may l>e shipped directly from 
the mill to the place of erection. 

MILL BUILDING 

IS. Definitions and Description. A mill building consists of 
a roof sup|H)rttMl either on steel columns, on steel columns built in 

*r«'iirnyij H:iinlt>f»ok. IWU*. p. 2iW. 

tCouipllwi from Ivt'lfhuin's -'SUm-I Mill lluUdlngs." 
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masonry walls, or on masonry walls alone. The n)of may consist of 
any of the forms of roof tnisses that have previously been mentitmetl; 
ami the roof covering, which may rest on purlins, or on rafters and 
pnrlhis, may c»onsist of any of the nK)f coverings mentioninl in Article 
5. In case the nK)f is sup|K)rte<l on steel columns, the columns are 
connectwl at their tops by a strut called the eave-strui; and they are 
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Braced End Bent 
Fig. 80. Physical Analysis of a Mill Building. 

also connecteil at certain distances throughout their height by hori- 
zontal members callal <//r/.v. The building may or may not have a 
monitor ventilator on top. See Fig. S() for general form of mill 
buildings, together with the names of the various parts. 

The eave-stnits and the girts are used as a framework on which 
to place the covering for the walls of the building. This c^overing 
may be of w(mh1, of wire lath and plaster, or of c*orrugatcd steel. 
The eave-strut may also act as the end purlin. 

Since the majority of mill buildings have their nK)fs and sides 
covered with corrugated steel, the remainder of this text will 1^ 
devoted to mill l)uilduigs with this kind of covering. 
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Fig. 86. Layout of a FroK and Switch 
Coiiipauy's nuihling. 



punches, etc.), and stock room, should be in the side bays; and the 

laying out, erection, and shipping floors should be placed in the 

center bay in the order mentioned. Fig. 86 gives a layout of a 

concern manufacturing frogs and 
s\\'itches. 

22. Framing. Tlie framing 
of a mill building consists of the 
roof framing, which has been 
discussed in the preceding arti- 
cles; the columns, which will be 
discussed in the next article; and 
the girts and eavestniis. 
Eave-struts are a detail of cornice design. Various forms and 

methods of connections are shown in Article 20, p. 9."), and the 

student is referred to this article. 

Girts may be made of wood, angles, or channels. They should 

be designed for a pressure of from 20 

to 30 pounds to the square foot on the 

side of the building. The spacing of 

the purlins depends upon the thickness 

of the corrugated steel used. On account 

of the fact that corrugated steel can be 

procured in lengths up to 10 feet and 

for spans of 5 feet, the stress per sijuare 

inch due to 30 pounds per square foot is 

about 25 000 pounds. In No. 24 gauge 

corrugated steel, the spacing of the girts 

is limited to 5 feet or less. 

Corrugated steel may be fastened to 

the girts by barbc»d roofing nails in case 

the girts are wood, or by clinch nails in 

case the girts are angles, or by clips fas- 
tened with rivets or ^V^nch stove l>olts 

J inch long. Nails and clinch nails 

should be spaced about 8 to 12 inches apart. Clips are made of 

No. 16 gauge steel from I inch to 2i inches wide, and are spaced 8 

to 12 inches apart. Fig. 87 shows girts, together with the method 

of attaching the corrugated steel. The number of nails, rivets, and 
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stove lK>its in a pound is to be found in the liumllMNiks of various 
manufacturers. 

Window-frames in mill buildings are, in general, similar to those 
placed in frame or brick buildings. These frames are fastened either 
directly to an iron framing or to wood naiHng-j>ieces placed on the 
iron framing. The win- 
dows may be glazed in the 
usual fashion by means of 
putty, or may have the 
glass held in place by some 
of the methods shown in 
Fig. 73, p. 44. Windows 
in the side of the shop 
may be so fixed that they 
mny be raised and lowered 
as the ordinary dwelling 
window; or they may slide 
horizontally; or, again, 
they may be fixed so that 
they cannot Iw moved. 
The windows in the moni- 
tors are usually fixe<l with 
a swinging sash which can 
be o|>erated from the floor 
of the shop (set- Fig.Sii), 

The glass in the win- 
dows may be the common 
window glass, common 
plate glas.s, riblx-d or cor- 
rugated glass, wire glass, 
or prisms. Of these va- 
rieties, the prisms and the ribbed or corrugated are the best, 
since they give a more uniform light and are not easily broken. 
Wire glass, wluch is made of wire netting moulded in the middle of 
the sheet of glass, gives a very good light, and has the additional 
advantage that it does not crack ami fall out under the action of 
file and water. It is considortnl fireproof. Common window glass 
does not diffuse the light so well as most of tlie other glasses. It is 
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very liable to fractiirr, and fur this reason the inside of the window 
should be covered with wire netting. Prisms are made by the 
Ameriran I-uxfer Prism Company, of Chicago. They may be 
obtained up to S4 inches in width and 36 inches in height. The 
width is parallel to the saw teeth. Figs. 88 and 89 give sections 
of windows, showing the framing. Attention is called to the fact that 
the roof on tlie monitor should overhang sufficiently to prevent the 
^ water from dropping 

upon the swinging win- 
dow when it is fully 
opened. 

Doors may consist 
entirely of wood, of a 
frame of angles covered 
with corrugated steel, 
or (if corrugated steel 
alone. The first two 
classes may be so fixed 
that tliey will slide, as 
in the folding doors of 
residences; open out- 
ward like a common 
door; lift vertically; or, 
ill case they are made 
entirely of corrugated 
steel, roll up like a win- 
dow-shade. Tliis latter door is a patenteii one. Shop doors are 
seldom made to open outward <ir inwanl, on account of the space 
required^a space wliich can be devoted to better purposes. Figs. 
90, 91 , and 92 show details of the alwve doors. 

Ijct it be re<iuired to design the girt when the trusses are 16 
feet apart and the girts are 5 feet center to center. The moment 

. 5 X IC X 30 X 16 X 12 ._ „,,,, ... . ,. 

IS — — — ; ~- = 57 WIO pouml-mches; and the re- 

57 000 
15 OOO' 




quired section modulus is 



= 3.K4. 



By inspecting the tables 



in the Carnegie Handbook, pp. 97 to 119, it is found that the fol- 
lowing shapes will be sufficient: 
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One 5-inch 9.75-pound I-beam 

One 6-inch S.OO-pound channel 

One 4,'i by 3j|-inch 10.3-pound lee-b&r 

One 6 by 4 by flinch 14.3-pound angle 



From this it is evident that the channel b t)ie must efficient and 
economical. 

23. Columns. Columns may consist of almost any combina- 
tion of shapes, either latticed or connected by plates. Some of the 
most common cross-sections are 
shown in Fig. 93, those illustrated 
in b and c being used to a great 
extent. The advantage of these 
forms is that they give a small 
radius of gyriifion iilHiut the axis 
b-h, and a larger one about the 
a.xis a-a (see Fig. 94). This is 
especially desirable, since, in ad- 
dition to the direct stress due to 
the weight of the cranes, roof 
truss, and covering, the column 
must withstand the moment due 
to the wind and to the eccentric- 
ity of the runway girder. Both 
of these moments tend to bend 
the ci>lumn around the axis a-a. 
The bending moment due to the 
eccentricity of the runway prder 
b equal to the reaction of the 
girder, //mes the distance from the center of the column (seeFi^. 
9.") and 9f»). In ctise the details of the column are as ^ven in 
Fig. 9(i, the direct load due to the reaction of the truss and its 
covering produces a moment due to its eccentricity. This moment 
is /{, X f,. Since R^ acts on the opposite side of the center 
of the column from the point of action of R„ it tends to counteract 
the effect of the moment due to the eccentricity of the runway girder. 
The total moment due to eccentricity is J/,= it, X c, - R, X «• If 




Fig- 91. DewJlof 
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the first term of this equation is less than the last term, the compres- 
sive stress on the side of the column with the runway girder is increased, 
and piet: vcrna. The stress in the column from the runway girder 




to the roof is tliat due only to the vertical reaction of the roof and the 
bending due to the wind. In that part of the column below the crane 
girder, the stress is Ihut due to the direct action of tlie weight of the 
roof; its eccentricity, if there be any; the direct action and eccen- 
tricity of the runway jjirdcr; and the bending moment due to the wind. 
The bending moment due to the wind is less in this part of the 

H KH H 11 II II 

a b c d e f 

Fig, 03. t;ross.S«-lii.ns of Ciiluiiins. 

column than it is at the foot of the knee-bracing, but it is customary 
to consider it the same. 

In order to prevent eccentric stresses due to the reaction of the 
runway girder, an extra column to carry the crane girder is placed 
alongside the roof column (see Figs. 100 and 117, pp. "."> anil SS). 
This is much used by A. F. Robinson, Bridge Engineer of f he Atchison, 
Topi'ka & Santa F^ Railroad System, who claims it to be a veiy 
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Two Raflll o( FlR, BS. Ranwar-Glrdt 




IcUy. 



(t 



It 



economical and efficient detail. One advnntag« of this is, that, if at 
any time it is desirable to use a heavier crane, this column can I>e 
removed and a stronger one put in its place, 
without in any way affecting the remainder 
of the building. 

In order to illustrate the design of a 
column, let it l)e required to design a col- 
umn with detail as shown in Fig. 95, the 
heiyh I Iwing 20 feet, the distance of the nni- 
way ginler from the face of the column S 
inches, tlie direct stress 15 600 pounds, and 
the l)ending moment due to the wind 
92'i 000 pnund-inches. The reaction of the 
runway girder is 20 000 pounds. The stress 
due to the bending moment caused by the 
wind and the eccentricity of the runway 
girder must be worked out by formula S, 
"Strength of Materials," p. 86; and to this 
must be added the direct stress caused by 
the weight of the roof and the crane-girder 
reaction. 

Since, according to Article 13, the unit- 
stress must \ie reduced one-half in deter- 
mining the section to withstand stresses due to crane loads, the 
moment due to the crane loads and also its direct action must be 
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multipliwl by 2 in onler that 
tlie same formula for the unit- 
stress may he used throughout 
in the design of the column. 

Let four 5 by SJ by J-inch 
angles with a 16 by |-inch web 
plate be assumed, and plocefl 
as shown in Fig. 97, These 
imgles have an area of 3.05 
s(|iuire inches each; and a 
moment of inertia parallel to 
the long leR, of 3 IS. Then 
(see "Strength of Materials," 
pp. 48-53), the moment due 
to crane reaction is 20 000 X 
(8.125 + R) = 322 500 pound- 
inches. Acconlingly, in using 
this in the formula, it will be 
2 X 322 500 = r>45 000 pound- 
inches; and this, added to the 
924 000 pound-inches due to Fig-se. d«»ii or column, 

the wind, will make a total bending moment of 1 ,569,000 pound- 
inches. 
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i«--. = 4X3.l8 + 4X3.05X7.265"+ J 

.; 784.72 

'"- ■ V 4X3.05 + 1X16 " '^ 



The allowable unit-stress is; 

P = 24 000 - 110 X — .g_ - 19 975 pounds per iquare inch. 



k^ 



MEL 



Flft.W. Detail of ColumD. 




KH 



Fig. 100. Detail of Ooluinu. 



The actual unit-stress (see "Strength of Materials," p. S6), is: 

ir.fi()0 + 2 X 20000 1509000 X— ^ 

■ " I ^- 3.05 +"i X 16 -„■ ..^ (15600 + 2 X20000)(20 x 12)' 



784.72--^ - 



10 X28 000000 



= 3 024 + 16 420 

— 19 444 pounds per square inch. 
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Since this is slightly les.s than the allowable stress, 19 975 pounds 
per square inch, this section is the correct one. 

Details of cohitnns are shown in Figs. 98, 99, and 100. In case 
the column is considered fixed at its base, the base of the column is 
usually made as shown in Fig. 9fl. I^ng bolts deeply imbedded in 
the masonry are run up through the holes a ; a heavy washer is placed 
over the lx>lt, and the nut screwed down tightly. Each bolt must be 
ilesigned to withstand a stress of //, X n -^ 2d {see Figs. 43 and 99). 
24. Knee-Braces. Tlie determination of the stresses in knee- 
bracing has \teen made in .\rticle 9. Knee-braces consist of two 
angles placed back to back, and 
are joined to the column and roof 
truss as shown in Fig. 101 and 
in the figures showing cranes. 
'I'hey must be designed to with- 
stand the greatest compressive 
stress; and must also be examined 
to see if they are safe in tension, 
.since they are under either tensile 
or compressive stresses according 
to the direction in which the wind 

The knee-liracc for the tniss- 
U'lit (if Article 9 will now be 

t'lK, 101, Deiall of Kneo-llraci- :miiI i ■ i f i 

itiunwiicius designed. Ihe maximum com- 

pressive stress is 21 440 pounds. 
The radius of pralion must l)e at least 131 ^ 120 - 1.09. Two 
angles 3A by 3 by ,',,-incIi, placed liack to back with their longer 
legs i inch aparl, will i)e jissumttl, since they arc the smallest size to 
lie used with r = 1 AY.) or greuler. The radius of g;\Tation almut an 
axi.s |>er]Miulicular to the longer legs is 1,10; and the allowable unit- 
1 10 X 131 




stress is P = 24 000 

inch, the length being 131 inches. 



Til 



10 iMX) poumis per square 

.21440 
[(uired area is 



10 900 

= 1 .97 square inches. Since this is less than the given area, and 
.since the angles are the smallest allowed, these angles are suffi- 
cient. The maximum tensil? stress is 8 040 pounds, and the required 
net area is 8 640 -^ 15 000 = 0.58 scjuare inch. The net area given 
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by the angles is 3^6 — 0.55 = 3.31 square inches, two j-inch rivet- 
holes being taken out. This shows the angles to be amply safe in 
tension, and they will therefore be used for the section of the knee- 
braces. 

25. Runway Qirders. The runway Orders extend from column 
to column on each side of the bay in which the girder runs. An 




inspection of the figures of this article will give a clear idea of their 
position and their details. Along these girders run the wheels which 
support the end of the crane. The crane may be a small hoist, as 
indicated in Figs. 102, 103, and 104, in which case the crane ^rder 
consists of a simple I-beam supported by two wheels at the ends, and 
these are placed close logether. In other cases the cnine consists of 
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two pirdors j)laced side h\ side, upon wliicli runs tlie ciirrlaf^ carrying 
thf hnist. niis ty[>c of (.Tane is supjxirtwl iijjon four to eight 
wheels (see Figs. 1U5, KMl. 107. lOS, 100. and 110). 

The maximum liciuling moment nnd shear in a runway girder 
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wilt depend upon the capacity and span of the crane, and also upon 
the distance apart of the wheels at its ends. Where the bending 
moment is not too great, the runway ^rders may be composed of 
chamiels or I-beams (see Figs. 103, 104, and 106). In case the 
moment is too great to make the use of these possible, the runway 
girders are composed of plate-girders (see Figs. 105, 107 to 110). 




Plate-girders consist of a flat plate called a uieb plate, which has 
riveted to it at its upper and lower edges two angles, or two angles 
and one plate, called the cover-plate. The angles are called flange 
anffUs; and the two angles together, and the cover-plate when used, 
are called the flanget. At certain distances along its length, equal 
to or less than its depth, vertical angles are riveted on oppo^te sides 
of the web plate. These are called stiffenen, their function being to 
stiffen the web under the action of the shear. See Fig. Ill fora 
general view of a plate-girder, together with the names of the 
various parts. 
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Fig. 111. Plate-Girder Notation. 
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Pig. 112. Position of Crane Truck for Max • 
imiim End Shear of Runway Girder. 




Vig. 1 18. Position of Crane Truck for Max- 
imum Moment in Runway Girder. 
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Fig. 114. Position of Crane Truck for Max- Fig. 115. Position of Crane Truck for Max- 
imum Reai'tion on Column. Imum Shear at any St^ctlon. 

The maximum shear in the runway ginler will occur when the 
crane wheels are in the position shown in Fig. 112; and the maximum 
mcment will occur under the wheel nearest the middle of the span, 
when the wheels are in the position shown in Fig. 113. The maxi- 
mum reaction of the runway girders on the column will occur when 
the wheels are in the position shown in Fig. 114. In order to 
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obtain the maximum shear at anv section, as o-o, the load should 
he j)lare<l as shown in Fig. 11."); and the maximum shear will then l)e 

F 
the left reaction, which is R = 2P (•^ + .^ ) -^ /. for two wheels; 

Cr 

and R = 4 P (x + F + .^ ) -r- /, for four wlu^els. 

The values of P for. traveling cranes of various capacities and 
spans may he obtained upon writ- 
ing to the various crane manufac- 
turing companies, whose addresses 
will be found in the advertising 
sections of the engineering peri- 
odicals. The distances between 
wheels may be obtained from their 
catalogues, which may \ye had u|X)n 
application. The values of P, and 
the distances l)etween wheels for 
cranes of various spans and ca- 
pacities, are given in Table XIV, 
which is made fnwn information furnished through the courtesv of 
Pawling & Haniischfeger, Milwaukee, Wisconsin. 

The values in Table XV are taken from the "Transactions" of 




Fljf. n«. Showing Xot.itlon used in 
Table XV. 
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the American Society of Civil Engineers, Vol. 54, p. 400, 1905. They 
are for typical traveling electric cranes, and are proposed by Mr. C. C. 
Schneider, one of the most distinguished of stnictural engineers. 

Tlie side clearance B from the center of the rail, and the vertical 
clearance of the beam from the top of the rail, are given in this table 
(see Fig. 1 IG). These values for the cnines of different manufacturers 
may be obtained fmm their catalogues; and they must be known, in 
onler that the crane shall not interfere with the columns or the roof 
trusses. 

If the runway girder is composed of an I-l>eam, a channel is 
usually riveted to its top; and on this the rail on which the crane 

■ 

wheels move is fastened dowTi at inten'als (see Fig. 107) of about 
2\ or 3 feet. Figs. 106 and 117 show details of this kind of girder. 
Note that the rails are U-shaped (see Fig. 105). This rail is used 
extensively, although in many cases the common T-rail is used and is 
fastened down by means of clamp3 around the edge of the flange of 
the ginler (see Fig. 110). 

In case plate-ginlers are necessary for runway ginlers, they 
must be designed. The depth of these girders should be iV to ^ of 
the distance between trusses or columns — that is, j „ of their span ; 
The depths must be in the even inch. For example, if the tnisses 
were 10 feet apart, the depth of the girder would be 16 -r- 10 = 1 .6 
feet, which is equal to 19.2 inches. The depth of the girder must 
then be made 20 inches, since, if it were made 10 inches, it would 
be difficult to obtain a web plate 19 inches wide, for the mills do not 
as a rule have platen of odd-inch widths in st<K*k. 

The thickness of the web plate is given by the formula : 

V 

t - — -" • 

but in no case shall it he less than iV "^<^*h- I" this formula, V^ 
is the maximum end reaction of the runway ginler. It is ec|ual 
to 7? as given by the formula on p. 87, when x is ecjual to I — F, and 
d is the depth of the girder, which is ecjual to the depth of the web 
plate, and S, is the unit allowable shearing stress. 

The flanges are composed of two angles, placiHl with the long 
legs horizontal in case unequal-legged angles are uswl. The required 
net area of one flange is given by the formula : 



Mm 



o\> 



S, (d-2) 
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FIk. lix. Position of IVnth 1».)ints. 



in which J/„ is the moment obtained when the wheels are in the 
position shown in Fig. 113, S^ is the unit allowable tensile stress, and 
d is the width of the web plate. If the area A has been computed, 
two angles must be found from the tables in the Carnegie Handbook, 

such that when one J -inch or 
4-inch rivet-hole, as the case 
may Ix*, is taken out, each angle 
will give a net area equal to or 
slightly in excess of the area A. 
These flange angles must be 
riveted to the web by rivets 
placed a certain distance apart. 
For convenience of manufacture, the ginler is divided into ten equal 
parts, and tlie rivet spacing l>etwtH*n any two of these divisions — or 
tenih'points, as tlu^y are calle^l — is kept the same. These tenth- 
points are nuniberni (see Fig. US). The rivet spacing in the first 
division is tlie 
same as tliat com- 
putinl for the end 
ofthegirder.whicli 
is the zero tentli- 
jx)int; tlie rivet 
spacing in the sec- 
ond division is the 
same as that coui- 
pnted for tlie 1st 
tent]i-]K)int; and 
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so on. Tlie rivet spacing at any jx)int is given by the fornnila: 



V 



<(':.)^m 



in wliicli, 



■^ Miixiinuiu shoar at the point; 

- Maximum allo\val>lt' stress on one rivet; this will bo the bear- 
ing value of the rivet in tlie web plate (see Table X, p. 47); 

- Maximum reaction of one crane wheel (see Table XIV or XV;; 

- Distance Ijetween gauge lines of the angles. 

In case there are two gauge lines on the angle, then the distance h^ is 
the distance between centers of these gauge lines (see Fig. 119). 
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Table IX, p. M\ ^ives tho ^aiif^e linos for (liftVreiit lengths of angle 

legs. If S giv(»s a value less than 2s inches, the leg of the angle against 

the web must be 5 inches or more, on account of practical limitations 

of manufacture. 

2(). Exaviplcjf. In onler to illustrate the preceding methods, 

two problems will be \vorke<l out. 

1. Dt'sipjn a runway girder for a 5-ton crane of 40-foot span, the 
wheel loads and wheel base being as given in Table XV, p. S7, an<l the dis- 
tance between trusses 20 feet. 

In onler to produce the maximum moment, the wheel must be 
placed as shown in Fig. 120. The left reaction is 12 000 (2.125 + 
10.00 + 3.r>2o) -^ 20 = 9 450. The moment' under wheel 1 is 
9 450 X 7.S75 X 12 = 894 000 pound-inches, which requires a sec- 
tion mcHlulus of S94(KX) -r- 15 000 = 59. (H). Ixjoking in the Car- 
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Pig. 120. Position for Maximum Moment Fig. 121. Position for Maximum Moment 
for Problem 1 on Paj^t* JM. for l»rohl«»m 'i on Pas** IM. 



negic lIandl)ook, ])p. 97 and 9S, it is st»en that a 15-inch 42-pound 

l-hcani with a section nKxIulus of 5S.9 will 1h» sufficient, since the 

s(H*tion nKMJulus is less than 2.1 ptTcent under that r<M|ui ret 1. 

2. Design a runway j^inler for a .'U)-ton crane of 00-foot span, the 
wluM^l loa<ls and whe<»l base beinj^ as given in Table XV, and the clifitance 
between tru.sses 'JO feet. 

'Jlic wheels are plact^l in jM)sition as shown in Fig. 121. Tlie 
. 52 (KH) (12.75 + 1 . 75) 

20" 



left reaction is 



= 37 700 pounds; and the 



maximum moment, which occurs under wheel 1, is 37 700 X 7.25 X 
12 = 3 2S5 0(M) jxmnd-inches. The maximum shear occurs when 
the wheels are in po.sition as shown in Fig. 112, p. S5, and is 75400 

75 400 

pounds. The recjuired thickness of the web is nn n ol ~ 

10 OOU X ^4 

0.314 inch, the depth being 20 -^ 10 = 2 feet = 24 inches. The 
web will l>e made 24 inches wide and 3 inch thick. 
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The recjuirecl net flange area ^ p qqq y /oi _ o^ "" ^'^^ square 

inches for two angles, or 4.90 square inches for one angle. An angle 

() by l)y J-inch gives a gross area of 5 . 75 square inches and a net 

areji of 5.7') — 0.5() = 5.25 sf|uare inches, one |-inch rivet-hole l)eing 

taken out of the section. Since this area coincides quite closely 

with the n*<iuired areji and is larger, it will l>e used. A by 3 J by 5- 

hich angle wrnild have l>een l>etter in regard to area, but the rivet 

spacing is less than 2i; inches at the end, and this required a double 

gjiuge line and therefore a leg 5 inches or over. 

The maximum shears at the tenth-points are now computed, 

and are tabuhited iis follows: 

Vq = 75 400 pounds. 
V, = 65 000 *' 



}\ = 54 600 
1^3 = 44 200 
}\ = 33 800 
V^ = 26 000 
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The value of the shear to l>e used in any particular case is given 
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Fl£r. 133. Determination of 
Size of Stiffener. 



Fig. 122. Stress Sheet of Runway Girder of Problem 

2 on Page Ul. 

alnne. In this case, P = 52 (XK) jxmnds; 
V = 570 pounds, J-inch rivets being used ; 

91 

and h, is 24} - (2 X 2} + -)= 18i inches. The rivet spacing for 

*^ 

the first division or first two feet of the span is: 

.S ^ — - — _ - .- - : - I.-IO.), sav IV inchos. 

/ /75 4()()\- /.VJOOOv- 



/ /75 4(M)\- /.VJOOOv 
^ V LSJ / "^ V 30 / 



The rivet spacing for the other divisions may he computed by the 
student. It is given in Fig. 122. The web of the girder should be 
stiffened as shown in the figure, by angles placed as there indicated. 
The thickness of the angles should not be less than -^% inch, nor 
greater than \ inch. The size of the angles should be such that the 
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outstanding leg does not reach beyond tlie leg of the flange angle 
(see Fig. 123). This makes their size as shown in Fig. 122. The 
crane rail may be connected directly to these and the flange angles; 
or a channel may be placed over the flange angles and riveted to them 
in a manner similar to that employed in the case of I-beams, the 
crane rail being fastened 
to that. If this latter 
detail is employed, (he 
area of the channel is 
reckoned as forming part 
of the upper flange; and 
the net area of the angle 
must then be equal to the 
required net area, less the 
net area of the channel. 
27. VentiUtors. Mill 
buildings may be venti- 
lated by means of small 
circular ventilators such 
as shown in Fig. 69, p. 
41, placed at certain in- 
tenal.s along the ridge or 
peak of the roof, or by niean.s of monitors as shown in Fig. 71. Tlie 
sides of these monitors may be fitted with swinging glass windows, 
with wooden or metal louvres, or, in case a large amount of ventila- 
tion is required, may be simply leftopen. Figs. 124, 125, and 126 give 
details of monitors, and show how they arc connected to the trusses. 

28. Oable Detaib. The gable is the end of the roof at that end 
of the building which is parallel to thereof trusses. Since this extends 
beyond the plane of the side of the building, some method must be 
employed in connecting the outer edge with the wall of the building, 
in order to keep out the rain and wind. Figs. 127 and 128 give 
several details which are efficient and at the same time economical. 

29. Cornice Detaib. The cornice is that edge of the roof which 
is perpendicular to the planes of the roof trusses. In addition to 
being necessarily so constructed as to keep out the wind and the 
elements, it must have in many cases some fonn of gutter connected 
to it, which takes the water off the roof. This gutter should be coD- 
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Fig. 180. CJomlce D6 tails for Steel Roof. 
See also Figs. 129 and 131. 
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Fig. 131. Detail of Cinder Floe r. 

nected at intervals of 
every three bays — or, in 
case this exceeds 50 feet, 
every two bays — with a 
pipe or conductor tocarry 
the water to the ground. 
Gutters, as a general 
thing, are semicircular or 
nearly so; and for ordi- 
nary spans they should 
not be less than 6 inches 
wide. Conductors should 
not be less than 5 inches 
in diameter. It is not 
to be supposed that the 
water entirely fills either 
the conductors or the 
gutters. The sizes are 
made so as to allow for 
any obstruction such as 
dirt or ice. (lUttcrs 
should preferably have a 

pitch of one inch in every 10 feet. Figs. 129 to 131 give details of 

cornices with various forms of gutters attached. 

The ridge, or peak of the roof, is usually covered with a plain 

sheet of metal, in which case it is called the ridge cap; or with a 



Fig. 181. Cornice Details for Steel Roof. See also 
Figs. 129 and 130. 




Fig. 133. Ridge Cap. 
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metallic roll with flared sides, in which case it is called a rufgrc roH. 

Figs. 132 and 133 show cross-sections of a ridge cap and a ridge roll. 

30. Floors. The floor of the shop depends very largely upon the 

purpose for which the building is intended. It may consist of earth. 
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Fig. 136. Detail of Concrete Floor. 
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Fig. 137. Detail of Floor of Steam Laboratory of the University of Illinois. 

cinders, boards, concrete, or sheet steel. In cases where men are 
required to work standing, cinders or boards give the best results. 
Earth floors will wear into holes in places where the men stand, and 
concrete or steel makes them foot-weary on account of its inelasticity. 
Where heavy machinery is installed, and men are seldom present 
except for a short time at certain periods, concrete makes an ideal 
floor. Figs. 134, 135, and 13G show details of various kinds of floors. 
Fig. 137 gives a detail of the floor in the Steam Engineering Labora- 
tory of the University of Illinois. This consists of channels iml>edded 
in concrete. These channels, which are placed in pairs a small dis- 
tance apart, run both lengthwise and crosswise of the shop. Tlie 
advantage of this form of construction is that machinery can be 
placed anjrvvhere on the shop floor and quickly bolted into place 
by means of T-bolts, a detail of which is shown in the figure. 
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